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PREFACE AND DECLARATION

This dissertation is written in article format, using the North-West University (NWU) guidelines

and requirements, and the chosen journal guidelines were applicable.

In this project, samples from another study, that of Prof M Akerman at the University of KwaZulu-
Natal in collaboration with the South African Nuclear Energy Corporation (Necsa) with Prof JR
Zeevart, and the Department of Science and Technology (DST) /NWU Preclinical Drug
Development Platform (PCDDP), was used. Candidate compounds are evaluated in preclinical

trials, using in vivo models and compounds synthesised by Prof Akerman.

The tissues from these animals were used, in addition to control groups of animals, to determine
the effects that radiolabelled compounds have on inflammatory cytokines, as well as oxidative

stress biomarkers.

The cell culturing, animal monitoring and all post-mortem tests using the tissue and serum

samples were conducted by myself, after successfully completing the appropriate courses.

Tissue samples were homogenised with the assistance of Prof R Pieters at the Unit for
Environmental Sciences and Management, Faculty of Natural and Agricultural Science. Doctor
Wihan Pheiffer trained and assisted me in conducting the appropriate biomarker and cytokine
analysis. The cytokine analysis was done in the NWU Laboratory of Analytical Molecular Biology
(LAMB), where Mr Emile Jansen van Rensburg, from the Department of Biochemistry, Faculty of
Natural and Agricultural Sciences assisted me with the technical side of the software used to
analyse the samples. The malondialdehyde (MDA) and protein carbonyl (PC) analysis was done
with the help of Dr Ruan Gerber at the Unit for Environmental Sciences and Management, Faculty

of Natural and Agricultural Sciences.

For data interpretation after analysis, the data was submitted to Prof Faans Steyn at the Statistical

Consultation Services, Potchefstroom Campus, NWU, for statistical analysis.

The two chapters in this dissertation were written according to the guidelines for authors of the

Journal of Pharmacological and Toxicological Methods and the Journal of Immunology Research.

Results from this study were presented at the Drug Safety Africa Conference
(20 — 22 November 2018, Potchefstroom, South Africa), the Safety Pharmacology Society annual
meeting (23 — 26 September 2019, Barcelona, Spain), and the Academy of Pharmaceutical
Sciences South Africa (9 — 11 October 2019, Centurion, South Africa).
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PROJECT SUMMARY

This study was conducted to determine the effects that two radiolabelled compounds have on the
inflammatory cytokines and oxidative stress biomarkers in xenograft Rowett nude (RNU) rat

models.

Safety and efficacy are of concern when developing new compounds. There is a paucity of
information on the influence of new compounds on inflammatory cytokines in combination with
oxidative stress markers. Cytokines are potential markers of drug safety, and oxidative stress
markers may indicate the impact of drugs on physiological processes. There is no formal
reference of normal ranges of inflammatory markers. By the establishment of a baseline for
preclinical safety studies, the effects of new compounds on cytokines can be quantified. The aim
of this study was to determine the changes in the cytokines and anti-oxidant enzymes in tissue
and serum samples in vivo (xenograft rats) after treatment with radiolabelled compounds —
copper (I)- and palladium (1) chelate. Tissue was collected from RNU rats from an untreated non-
xenograft group and xenograft (A549 human lung adenocarcinoma) groups: a control group and
two radiolabelled compound exposed groups.

Cytokines were quantified by cytometric bead array using flow cytometry. Oxidative stress
biomarkers — intracellular reactive oxygen species (ROS), superoxide dismutase (SOD),
catalase (CAT), malondialdehyde (MDA) and protein carbonyl (PC) — were quantified using

enzymatic-based colorimetric assays.

The only significant difference in the percentage composition of cytokines was seen in the tumour
tissue. Compared to the xenograft control, the copper (ll) chelate treatment increased the majority
of the cytokines and biomarkers in the kidneys, and decreased their levels in the liver. In contrast,
the palladium (1) chelate treatment had the opposite effect in both the kidneys and the liver (i.e.

decrease and increase, respectively).

It is evident from the large differences between treatment groups relative to the control that both
cytokines and oxidative stress biomarkers can be used to elucidate the safety of new compounds

in preclinical drug development studies.

Keywords: Cancer, Non-small-cell lung cancer, cytokines, pro-inflammatory cytokines, anti-
inflammatory cytokines, oxidative stress, cells, tumour, inflammation, immune, biomarker,

reactive oxygen species, antioxidants, oxidative stress damage, lipid peroxidation,
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CHAPTER 1: BACKGROUND AND SCOPE OF THE STUDY

1.1 Scope and background

Cancer is a disease that has an enormous effect on millions of people annually — a life-changing
disease, which receives extensive attention as a topic of research. Cancer refers to a group of
diseases where cells divide uncontrollably and potentially spread through the body. These
abnormal cells may be the due to mutations that result in faulty cell growth, differentiation or
division (Frederic et al., 2012). Uncontrollably dividing cells can form two types of tumours —
benign or malignant; however, benign tumours do not invade or infiltrate tissue nearby and
consequently are not classified as cancer (Dictionary of Medical terms, 2005a; National Cancer
Institute, 2005). Malignant tumours have the ability to infiltrate tissues nearby and therefore make
it possible to metastasise (Dictionary of Medical Terms, 2005b; Frederic et al., 2012; National
Cancer Institute, 2005).

According to the Global Cancer statistics, 33 million people were living with cancer during 2012;
of these 14 million were new cancer cases and eight million people died of cancer (Ferlay et al.,
2012). In 2018, estimations of 18 million new cancer cases and 10 million mortalities due to cancer
were made (Bray et al., 2018; World Health Organization (WHO), 2018), making cancer the
second leading cause of death globally (Siegel et al., 2019; WHO, 2018). These high, increasing
numbers make the diagnosis and treatment of cancers much more urgent and therefore require
new and improved diagnostic methods and effective treatments as soon as possible (Gilligan &
Dwyer, 2017; Wang et al., 2017). There are several treatments for cancer, usually with severe
adverse effects, but new and improved treatments are necessary to decrease the number of
mortality cases caused by cancer (Igbal et al., 2017). Radiolabelled compounds can be classified
as drugs that contain atoms of some radioactive elements. Radiolabelled compounds deliver
small amounts of ionising radiation to diseased sites in the body. They may consist of
macromolecules or even small organic molecules, and is used for diagnosis or treatment of
various diseases such as thrombosis, inflammation and tumours (Fichna & Janecka, 2003). What
makes radiopharmaceutical compounds so desirable is the fact that these compounds can be
synthesised and developed according to the pharmacokinetic requirements — for both diagnosis
and targeted therapies (Blower, 2015; Fichna & Janecka, 2003; Ramdhani et al., 2019). A
correlation was noted between radiation therapy and changes in inflammatory markers (Bower et
al., 2009; Miiller & Meineke, 2007). This is an indication of the importance of doing specialised

tests and knowing the effects that radiolabelled compounds may have on inflammatory markers.

It is postulated that inflammation has an effect on the development of cancer, as well as the

progression thereof (Brenner et al., 2014; Coussens & Werb, 2002). Inflammation is defined by



Coussens and Werb (2002) as a complex network responding to tissue injury. Leukocytes —
monocytes, neutrophils and eosinophils — are activated and migrate from the venous system
to the damaged tissue. In this network, another essential role is played by tissue mast cells
(Zhang & An, 2007).

Cytokines belong to a class of several classes of biomarkers for inflammation (Brenner et al.,
2014), which are soluble protein modulators secreted by immune cells in response to antigens.
They are important in intracellular communication and to ensure an effective immune response.
Each cytokine is unique and can affect the production and the modulation responses of other
cytokines and therefore work in a complex network (Yoshimoto & Yoshimoto, 2013); each play
major roles in the immune system’s defence. Cytokines are produced by different cell groups, but
the dominant producers of cytokines in the body are macrophages and helper T cells (Zhang &
An, 2007). Cytokines can be divided into two main groups, namely anti-inflammatory cytokines
and pro-inflammatory cytokines (Zhang & An, 2007). The two types of inflammatory cytokines
function to control each other’s responses. For instance, anti-inflammatory cytokines have to
control the response of pro-inflammatory markers and vice versa (Zhang & An, 2007). An
imbalance between these cytokines is responsible for inflammation (Coussens & Werb, 2002),
which can enhance cell growth, differentiation of cells, as well as the survival and apoptosis of

cells that can cause tumour cells and result in cancer (Lu et al., 2006).

Different ranges of what are indicated as normal ranges of pro- or anti-inflammatory cytokines
have been published (Chapman et al., 2010; Keeley et al., 2014; Marques-Vidal et al., 2011; Soto-
Méndez et al., 2015; Wyczalkowska-Tomasik et al., 2016). This is because inflammatory markers
are influenced by population, environment, gender, body mass index (BMI) and age (Marques-
Vidal et al., 2011). Each study taking place in a different setting or with subjects that differ will
have its own results in terms of the ranges of inflammatory markers (Chapman et al., 2010; Keeley
et al., 2014; Marques-Vidal et al., 2011; Soto-Méndez et al., 2015; Wyczalkowska-Tomasik et al.,
2016). For this reason, it is imperative to close the gap on the lack of knowledge of ‘normal’ ranges
of cytokines and to set baselines for different conditions. In South Africa (SA), there are no data
available on the anti-inflammatory or pro-inflammatory cytokine values in healthy people or what

the reference of normal ranges of inflammatory markers may be.

Another important marker in cancer is the secondary messenger — oxidative stress, which
regulates physiological processes (Filaire et al., 2013). Oxidative stress is an important factor in
both acute and chronic diseases (Ceconi et al., 2003; Dalle-Donne et al., 2006; Sies, 1997).
Cancer is one disease that may be caused by oxidative stress, as in vitro studies in cell cultures
done by Dalle-Donne et al. (2006), indicated.



According to Sies (1997), oxidative stress can be defined as the imbalance between antioxidants
and oxidants in favour of oxidant levels (Duraékové, 2010; Sies, 1997). If antioxidant defences do
not result in the inactivation of reactive oxygen species (ROS), oxidative stress will increase (He
et al.,, 2017) and cause oxidative stress damage, leading to cell, tissue and DNA damage
(Kousteni, 2011; Okada et al., 1999).

The problem with an increase in oxidative stress is the damage it causes to proteins, lipids and
nucleic acid bases, which, in turn, can compromise cell health. In theory, any oxidative damage
can then contribute to the development of a disease (Dalle-Donne et al., 2006). The biomarkers
of oxidative stress are indicators of changes in the physiological state in a disease at that point in
time (Dalle-Donne et al., 2005).

Both the levels of selected cytokines and oxidative stress contribute to cancer, but a definite
correlation with cancer has not been made yet (Rahman & MacNee, 2000; Wu et al., 2013).
Oxidative stress and inflammatory markers seem to have an effect on each other (Biswas, 2016),
and possible pathways were suggested (Anderson et al., 1994; Flohé et al., 1997), but more
studies in this field are needed to confirm these suggestions.

As humans do not present themselves prior to development of a disease for clinical investigations,
it is not possible to do certain studies involving the development and changes associated with
diseases in humans. A strong justification will furthermore be needed to categorise blood
collection at several time points from healthy humans or to put them under certain stressors to

evaluate and analyse behaviours, molecular changes and physiology.

Animal models have similarities to humans’ histological and clinical features (Lu et al., 2014). To
be able to test hypotheses at a living organism level and also to validate human data, it is
necessary to use animal models (Barré-Sinoussi & Montagutelli, 2015). These models also have
similar inflammatory profiles than those of humans; they are reproducible and inexpensive, and
they respond in a very similar manner to therapeutic drugs than humans do (Lu et al., 2014).
Therefore, it is appropriate to make use of animal models in studies involving cancer and the

analysis of potential therapies.
1.2 Research problem

The increasing number of cancer cases reported annually underlies the urgency of developing
new and improved drugs for the treatment, but also for the diagnosis of cancer. In the
development of new compounds, the focus of preclinical studies is usually the bio-distribution,
toxic effects, pharmacokinetics and pharmacodynamics of the candidate drugs. According to the
literature, radiation therapy is associated or correlates with changes in inflammatory markers

(Bower et al., 2009; Dovsak et al., 2018), and treatments have been shown to influence oxidative
3



stress in cells. A correlation between oxidative stress and inflammatory markers has been found
(Biswas, 2016; Grivennikov et al., 2009); therefore, it is essential to investigate the effect of these
radiolabelled compounds on inflammatory markers and oxidative stress biomarkers, in the most
prevalent cancers such as lung cancer. It is important to do preclinical analyses on the effects
that these new compounds may potentially have on cancer patients, as further compromise of the
immune system must be avoided, and inflammatory cytokines and oxidative stress biomarkers

are indicators thereof.
1.3 Aim and objectives
1.3.1 Research aim

The research aim for this study was to establish the effects that two radiolabelled compounds —
a copper (Il) chelate and a palladium (II) chelate — may have had on cancer-relevant inflammatory

markers and oxidative stress biomarkers.
1.3.2 Research objectives

In order to meet the research aim, the following study objectives were set:

To establish a baseline for cytokines in immuno-deficient Rowett nude (RNU) rats that had

undergone no stressors (absolute control).

To determine the cytokine levels relevant to non-small-cell lung cancer (NSCLC) (represented

by the A549 cell line) in an established xenograft RNU rat model.

To determine the cytokine levels after radiolabelled (i) copper (Il) chelates and (ii) palladium
(1) chelates exposure in A549 xenografted RNU rat tissue and serum.

To determine the effects of (i) copper (1) chelate compounds and of (ii) palladium (1) chelate

compounds on oxidative biomarkers in A549 xenografted RNU rat tissue and serum.



1.4 Study design

The animal study commenced, after ethics approval from the NWU Animal Research Committee
(AnimCareREC) [NWU-00178-18-A5] (Appendix A). Samples collected during the animal study
were analysed for selected cytokine and oxidative stress marker levels, to indicate the effects of
radiolabelled compounds. Four RNU rat groups were used, a non-xenograft rat group (RH)
serving as a control; a xenograft group (RX) serving as a cancer control; a copper (Il) chelate
compound treatment group (RCu) and palladium (1) chelate compound treatment group (RPd),
both serving as the experimental groups. The effect on both pro- and anti-inflammatory markers
were analysed. The oxidative stress markers measured were reactive oxygen species (ROS),
catalase (CAT), superoxide dismutase (SOD), protein carbonyl (PC) and malondialdehyde
(MDA). Statistical analysis was done on the results, after which the data were interpreted and
conclusions made. For additional information on the group allocation and animal study please

refer to Appendix B.

[ Application to the GXP Scientific committee l

| Application to AnimCare (Ethics committee on Animal care, health and safety in research)

l

l The commencement of the animal study takes place |

i L
Healthy female RNU Female RNU rats, inoculated
rats with A548 cell line
4 | !
Xenografted Xenografted rats Xenografted rats
baseline rats exposed to copper exposed to
(Il) chelate palladium (Il)
chelate
I
I Rats exposed to isoflurane and euthanized, followed by decapitation and dissection l
| Analysing of tissue and serum for the effects of radiolabelled compounds on cytokines |
[
Pro-inflammatory Anti-inflammatory
markers markers

Analysis of tissue and serum for the effect of radiolabelled compounds on different
biomarkers

Reactive Superoxide Catalase Protein Lipid
oxygen species dismutase (CAT) carbonyl (PC) peroxidase
(ROS) (SOD)

| Statistical analysis of data |

| Conclusion of results and study ]

Figure 1: A layout of the study design indicating the course of the study — animal study, analysis
of cytokines and oxidative stress biomarkers, statistical analysis and conclusion of the study

5



1.5 Structure of dissertation
Compilation of chapters

This chapter (Chapter 1) provides a brief overview of the background, justification and scope of
the study. This chapter also includes the formulated research problem, aims and objectives, study
design and outline of the chapters.

Chapter 2, is a literature study written in a review article format. This chapter details the cancer
of interest in this study, relevant inflammatory markers, biomarkers of oxidative stress. Finally,
the relationship between oxidative stress markers and inflammatory cytokines will be tested. This
chapter is written in accordance with the author guidelines of the Journal of Immunology

Research.

Chapter 3 is presented as a research manuscript, briefly discussing the literature regarding
inflammatory markers, oxidative stress biomarkers, and radiolabelled compounds relevant to
cancer. The effects of these compounds on inflammatory markers and oxidative stress
biomarkers were determined and are presented. This chapter is written in accordance with the
guidelines for authors of the Journal of Pharmacological and Toxicological Methods. This

manuscript will be considered for publication.

Chapter 4 is the concluding chapter of the study. The project results are summarised and the
final discussion and conclusions are made. Recommendations and future prospects for further

research are also included.

References are provided at the end of each chapter. Article chapters will follow journal
referencing styles, otherwise the NWU Harvard style was followed according the NWU
Referencing Guide.

Appendices are included at the end of the dissertation. This section provides additional

information on the project not included in the main body of the dissertation.
1.6 Study dependency

This study was dependent on another study (NWU-00251-17-A5), which focused in more detalil
on the radiolabelled compounds. In the current study (NWU-00178-18-A5), a baseline for healthy
animals, as well as xenograft animals (A549) was used. As part of the effort to reduce the number
of animals used, tissue and serum samples from study NWU-00251-17-A5 were used as

experimental groups.
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Abstract

Cancer is the result of defective processes — pathophysiological and physiological — where
normal cells develop into a malignant tumour. Inflammation consists of a complex network of pro-
and anti-inflammatory markers that have an influence on each other. This complex network is not
yet fully understood. Chronic inflammation can be causative of cancer, since there is a
dysregulation of the immune system. Because cytokines can either promote or reduce tumour
growth — depending on inflammatory class — they are essential to monitor in the tumour
environment. Oxidative stress also plays a crucial role in physiological processes, and an
imbalance between reactive oxygen species (ROS) and antioxidants results in elevated oxidative
stress levels, which will cause oxidative stress damage in cells. There is a fine line in the balance

between ROS and antioxidants for normal cell function and dysregulation.

Oxidative stress and cytokines each correlate with different factors in different diseases, but a
definite correlation between these two factors in cancer is unclear. Nuclear factor kappa light chain
enhancer of activated B cells (NF-xB) is an important player in this relationship, where it is
involved in gene transcription of genes that encode both growth factors and inflammatory markers.
These findings should be further investigated, as definite correlations between cytokines, oxidative

stress biomarkers, and other cell mediators and factors are much more complex.

Keywords
Antioxidant, Biomarker, Cancer, Cytokines, Oxidative stress,
Abbreviations

CAT — catalase, Cu — copper, IL — interleukin, IFN — interferon, TNF- tumour necrosis factor,
MDA — malondialdehyde, NFkB — nuclear factor kappa light chain enhancer of activated B cells,
NSCLC — non-small-cell lung cancer, PC — protein carbonyl, Pd — palladium, , ROS — reactive
oxygen species, SOD — superoxide dismutase, WHO — World Health Organization.
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Introduction

Annually, millions of people are affected by cancer, whether the affect is on themselves, or those
around them [1]. According to published research, cancer is a more complex disease than expected,
wherein normal cells are changed into a malignant tumour in a multistage process [1, 2]. Cancer
is the result of faulty physiological and pathophysiological processes in a specific area of the body
[3]. These processes can become defective due to external factors such as exposure to carcinogens

[1].

The immune response is the body’s defence system to protect itself from stimuli that may cause it
harm. It protects against changes in molecular structures and prevents changes in both the
physiological and pathophysiological systems [4]. Changes in the immune system will influence

the tumour microenvironment [5].

A pathological environment can arise from chronic inflammation, where cancerous tissue and
eventually tumours can develop [5, 6], and which results in a necessary immune response. Both
pro- and anti-inflammatory cytokines play a vital role in the complex immune response network
to maintain a balance, as well as to eliminate external stimuli that might irritate or damage the
body and its physiological processes [7]. Each cytokine or inflammatory marker is unique, and has
its own role to play in the complex network — immune defence [7] — either by inhibiting the
inflammation of the inducing reaction or by its effect on the functioning of other cytokines [8].

As a secondary messenger, oxidative stress is important for physiological processes’ regulation [9,
10]. Oxidative stress is important for proliferative signalling pathways, survival and apoptosis of
cells [9]. The result of an imbalance of reactive oxygen species (ROS) and its regulatory
antioxidants (to the benefit of ROS) is oxidative stress, which may lead to oxidative stress damage,

such as lipid, protein damage or DNA damage [11-13].

Free radicals and ROS are produced as by-products of cellular metabolism and external stimuli
[14, 15]. These reactive compounds alter different pathways and cellular functions, such as redox
modification and redox signalling. ROS activates inflammatory responses through the activation

of cell signalling, and influences the secretion of cytokines [16, 17].

As defence system, the body produces endogenous antioxidants, which counteract the damage of
ROS. These antioxidants include enzymes such as catalase (CAT), superoxide dismutase (SOD)
and glutathione peroxidase (GPx) [18, 19]. A harmony between ROS and the antioxidants is of the

utmost importance, because an imbalance can result in several diseases and malfunctioning of cells
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[20]. The increase in ROS levels may lead to oxidative stress damage in the form of lipid

peroxidation, protein or DNA damage [21], among others.

According to the literature, the properties of inflammatory cytokines differ in the presence of
cancer compared to controls [22, 23]. It has also been reported that, in cancer, the balance between
ROS and antioxidants shifts to the benefit of ROS [24, 25].

The changes in these biological markers in the presence of cancer may have indicative value as to
finding a correlation between the pathophysiology of a disease, with a focus on cancer. However,
little to no information about such a correlation between cytokines and oxidative stress markers is

available. This literature review aims to assemble the existing knowledge to bridge this gap.
Cancer

As early as 1863, Rudolf Virchow suggested that there is a connection between chronic
inflammation and cancer, as cancer occurred in sites of chronic inflammation [8]. When a pre-
cancerous lesion progresses into a malignant tumour, the changes in cells can be the result of
genetic factors interacting with external factors, such as carcinogens. The World Health
Organization (WHO) names three groups of carcinogens that can play a role in this interaction,
namely biological (infections from bacteria, parasites and viruses), chemical (aflatoxin, arsenic,

asbestos and tobacco smoke components), and physical (ionising radiation and ultraviolet) [1].

The stages of development in cancer can be determined by using the TNM (tumour, node,
metastasis) system as provided in the International System for Staging Lung Cancer [26]. Cancers
can be staged accordingly from stage 0 to stage IV [26, 27], which are dependent on the size,
location, the presence and location of the lymph nodes involved, the extent of the primary tumour,
and the absence or presence of distant metastatic disease [26, 27]. In lung cancer, if the tumour is
present in one lung, and did not spread to distant organs or lymph nodes, it is classified as stage I.
Stage II is where cancer has spread to the lung’s lymph nodes, and stage 3 is where cancer did not
spread to distant organs, but has spread to central chest lymph nodes. Stage 4 is present when the

cancer has spread throughout the entire body [28].

The tumour environment is affected by inflammatory cells, which can initiate differentiation,
growth and migration of the tumour cells, and also contributes to angiogenesis and DNA damage
[5, 6]. Chronic ulcerative colitis is a chronic inflammatory bowel disease that arises from colon
carcinogens, and is evidence to back the fact that chronic inflammation has a strong association

with malignant diseases [5].
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Over several decades, lung cancer has been the most common cancer diagnosed [29] and,
according to the World Health Organisation (WHO), in 2018, lung cancer was responsible for
11.6% of new cases of cancer diagnosed and 18.4% of all cancer-related mortalities [1], making
lung cancer the most prevalent cancer type [30]. There are two classes of lung cancer — non-
small-cell lung cancer (NSCLC) and small-cell lung cancer (SCLC) [9, 31].

Non-small-cell lung cancer

Non-small-cell lung cancer (NSCLC) accounts for the majority of lung cancers, accounting for
85 to 90% of all lung cancers diagnosed [32—-34].

This cancer can be caused by the effects of smoking, secondary smoke, genetics and asbestosis
[33]. The problem with lung cancer is that it does not present symptoms at the early stages, and
once symptoms do occur, late stage cancer is probably already present [35], and this is partly

because medical organisations do not recommend routine screening for lung cancer [36].

During a study done at the Tygerberg Academic Hospital in South Africa (SA), most patients who
were newly diagnosed with NSCLC already presented with signs of the metastatic disease (stage
IV) (68.7%), and 24.7% had locally advanced stage 111 [37].

Non-small-cell lung cancer can be divided into several subtypes, such as squamous cell carcinoma,
adenocarcinoma, large cell carcinoma, adenosquamous carcinoma and sarcomatoid carcinoma [34,
38, 39]. Further classification of NSCLC into subtypes has contributed to better therapy and
treatment options, as the classification enables the eligibility of certain types of therapeutic
strategies [39-41]. The different NSCLC groups are all grouped together because of the
similarities between prognosis and treatments [38]. The classification of these different types of
NSCLC and the improvement in different treatment options contribute to therapies appropriate for

specific histology types [38-40].
Immune responses in cancer

An immune response is necessary for protection against immune cell infiltrations, tumours,
autoimmune diseases and infectious agents, and cellular and molecular complexes are needed for
the development of this response [4, 21]. A dysregulation of inflammatory markers may cause
cancer [3]. Since cancer may not only be due to genetic makeup, but also due to chronic infection
or a continuous exposure to irritants, an extended process of cell damage and healing may result

in chronic inflammation [21, 42].

Inflammation facilitates several types of cancer [6] through etiologic pathways, and is a key feature
in the development, promotion and progression of tumours [6, 42—44]. Inflammation is complex,
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as some molecules involved in cancer can promote, as well as supress cancer. These molecules
include reactive nitrogen species (RNS) and reactive oxygen species (ROS), chemokines,
cytokines and prostaglandin [45]. The microenvironment of tumours is rich in cytokines and

inflammatory enzymes, but differs between different tumours [42, 43, 46].

Several biomarkers can be inflammation related, such as mediators (growth- and transcription
factors), acute phase proteins, cytokines or chemokines, RNS and oxygen species,
cyclooxygenase-related factors and prostaglandins, and effectors that are immune related [6]. To

be reckoned as a novel biomarker, it is important for biomarkers to be specific and sensitive [47].

Biomarkers such as inflammatory markers and oxidative stress-related molecules can be indicative
of abnormal process, or of a condition or disease — such as chronic inflammation and cancer [22,
48]. Tumour cell growth may also be promoted by cytokines that, in turn, are partly being produced
in the tumours [48]. In a study done by Keeley et al. [22], the majority of the biomarkers tested
were much higher in patients with lung cancer than in those of the control groups. Therefore, the

assumption is that inflammation markers will be higher in patients with cancer than those without.

Cytokines

Cytokines are soluble protein modulators, secreted by immune cells in response to antigens, and
comprise several modulators, namely lymphokine, chemokine, interleukins and monokines [49].
They are important in intracellular communication as well as to ensure effective immune
responses. Each cytokine is unique and can affect the production and the modulation responses of
other cytokines and therefore work in a complex network [7] that can affect the differentiation,
proliferation, survival, growth, movement and mutation of the stromal cells, as well as tumour
cells [8].

Cytokines are produced by different cell groups, but the dominant producers of cytokines in the
body are macrophages and helper T cells [6, 49]. T helper (Th) cells are mainly divided into two
groups — Thl and Th2. Cell-mediated immunity is promoted by Thl and assists in clearing
intracellular pathogens. Humoral immunity is promoted by Th2, which is responsible for
protection against extracellular invaders [50]. In addition, Th17 and T follicular helper (Tth) cells

are important in cell immunity [50].

Furthermore, cytokines can be defined as anti-inflammatory cytokines and pro-inflammatory

cytokines [49], based on their mechanism of action. The two types of inflammatory cytokines have

a feedback control for each other’s responses, and therefore they are self-limiting. For instance,

anti-inflammatory cytokines have to control the response of pro-inflammatory cytokines and vice

versa [49]. Cancer development and progression involve mainly the pro-inflammatory cytokines,
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and anti-inflammatory cytokines can possibly prevent the cancer to reoccur [51]. Cytokines can
contribute to the development of tumours in different ways — promoting cell growth stimulation
and differentiation, as well as inhibiting the apoptosis of abnormal or altered cells [52], as well as

activating mitogenic signalling pathways [21].

The accessibility and the ability to quantify cytokines make them good candidates for use as

biomarkers for different diseases, including cancer [47].

Interleukin-13 (IL-1R)

Interleukin 1 beta (IL-1R) is a member of the interleukin-1 (IL-1) family [53]. It is a prototypic
pro-inflammatory cytokine (Table 1) that can have an effect on several cell types. The producers
of this cytokine are B lymphocytes, macrophages, monocytes, natural killer cells and dendritic
cells [53, 54]. After stimulation of this cytokine, its release follows typically over the following
20 to 40 hours. IL-1 promotes inflammation, regulates immune responses and promotes

angiogenesis and tissue remodelling [55, 56].

There is a possibility that IL-1 may work together with the tumour necrosis factor (TNF). There is
an absence of IL-18 in healthy subjects’ blood circulation [53]. In a study by Barrera et al. [57],
higher levels of IL-1R were found to be associated with lower haemoglobin levels and with non-
smokers. Patients who smoke tend to have higher levels of IL-18 [22]. In cancer models, IL-1

promotes angiogenesis, the growth, and metastasis of tumours [58].

Interleukin 2 (IL-2)

Interleukin 2 (IL-2) is a pro-inflammatory cytokine (Table 1), produced by Th1 cells [23]. This
cytokine is required for the production of TNF-o and interferon gamma (IFN-y) through the
activation of T cells [4].

IL-2 stimulates the lymphokine-activated killer cells that boost the natural killer compartment,
which, in turn, inhibits tumour growth [57, 59]. It can therefore act as a negative regulator [60] in

the immune response and inhibit Th17 differentiation [61].

Treatment with low doses of IL-2 enhanced anti-tumour immunity [62], but treatment with higher
doses of IL-2 was not sufficient to inhibit tumour growth [62], and did not result in better survival
rates in malignant cancer, but rather induces severe adverse events in patients [63, 64]. Low
dosages of IL-2 therapy did not have severe adverse events, such as pulmonary oedema, compared
to high dosages (23 times higher) [65]. The suppression of this cytokine results in decreased
survival rates in patients with NSCLC [66].

18



Interleukin 6 (I1L-6)

Interleukin 6 (IL-6) is a multifunctional, immunoregulatory cytokine [67, 68]. IL-6 may be an anti-
inflammatory and pro-inflammatory cytokine (Table 1), depending on the microenvironment [49,
67]. Interleukin 6 is associated with higher neutrophil counts, a higher platelet/lymphocyte ratio,
low haemoglobin levels, hypoxia and hypoalbuminemia, and it plays a role in the regulation of
IFN-y [57]. IL-6’s prolonged action has been shown to have the same anti-inflammatory effects as
those of IL-10 [69].

The conclusions drawn from several studies on IL-6 are contradictory — Enewold
et al. [70] stated that high levels of IL-6 were associated with lung cancer prognosis and better
survival; however, Silva et al. [71] showed that overall survival in patients with high IL-6 plasma
levels was worse than those with low levels of IL-6. [72], indicating that diagnosed lung cancer
patients had high levels of IL-6, which was confirmed by Chang et al. [73], who reported that
IL-6 in high levels correlated with poor survival and response to treatment. Elevated levels
of IL-6 in patients without diagnosed cancer were found in patients subsequently diagnosed with
lung cancer [74], and those with diagnosed lung cancer had high levels of this cytokine, and tumour

progression was enhanced by IL-6 [72].

Interleukin 8 (IL-8)

Interleukin 8 (IL-8) is a pro-inflammatory cytokine (Table 1) that also induces angiogenesis [75].
IL-8 is known as an autocrine growth factor for cancer cells [76] and is induced by IL-1 [58].
IL-8 is associated with lower haemoglobin levels, higher counts of leucocytes and neutrophils, and
also fatigue [57]. According to Seike et al. [23], significantly higher levels of IL-8 were present in
tumour tissue compared to the levels found in noncancerous tissue, and that IL-8 has an essential
role in the growth of tumours [58; 75]. This was confirmed by a human study that showed an
increase in IL-8 levels in patients with lung cancer, compared to those of the controls [74]. Patients
whose tumours expressed IL-8 levels similar to the median or greater showed worse survival than

those whose levels were under the median [23].
Interleukin 10 (IL-10)

Interleukin 10 (IL-10) is an immunosuppressive, anti-inflammatory cytokine (Table 1) [77, 78].
Initially, 1L-10 was thought to be produced by Th2 cells [79] and to inhibit the function of Thl
cells, but it is now recognised that IL-10 is produced by a majority of immune cells — T cells,
B cells, macrophages and dendritic cells [77].
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Interleukin 10 can only be produced if the immune cells are stimulated [77]; as a result, it regulates
the humoral immunity [23]. This cytokine results in the direct suppression of immune cells and in
the inhibition of the activation and effector functions of T helper cells secondarily. This can lead
to a decreased immune response. It can impair the immunostimulatory secretion of cytokines and
act as immunoregulatory molecule [66]. Therefore, the regulation of IL-10 is essential as there
must be sufficient IL-10 to inhibit an excessive immune response, but it should not be present at
such a high level that it damages the protective immune response [77], because the absence of

IL-10 has shown that aggravated chronic inflammation occurs [78].

It is stated that 1L-10 can suppress Thl cells that produce IFN-y [79] and, according to Huber et
al. [80], Th17 cell activity can be directly inhibited by IL-10 acting on the T cells. Interleukin-10
also has potent anti-inflammatory effects and can repress the expression of IL-1, IL-6 and TNF-a
by activated macrophages [49]. A decrease in survival was correlated with increased levels of
IL-10 in patients with NSCLC, and it suppressed IL-2 levels in a dose-dependent manner with up
to 85%, and inhibited IFN-y by 90% [66].

Interleukin 12 (IL-12)

Interleukin 12 (IL-12) is an essential immunoregulatory cytokine that results in a pro-inflammatory
response (Table 1) [81]. It is primarily produced by antigen-presenting cells or by stimulated
macrophages, which have a short half-life in vivo [82]. During infections, phagocytes and dendritic
cells are responsible for producing IL-12 in response to pathogens [81]. Innate responses are
regulated during infection by the expression of IL-12, which determines the adaptive immune
response. IFN-y can also be induced by I1L-12 [81; 82] through its action on T cells. Patients who

had elevated levels of IL-12p70 were later diagnosed with lung cancer [22].

Interleukin 17A (IL-17A)

Interleukin 17A (IL-17A) is a pro-inflammatory cytokine (Table 1) that is part of the interleukin
17 family and produced by the most recent described T helper cell — Th17 [83; 84]. In the IL-17
family, IL-17A and interleukin 17F (IL-17F) showed the most similarities, as these two cytokines
bind to the same receptors, namely IL-17 receptor A and IL-17 receptor C. After pro-inflammatory
stimulation, IL-17A and IL-17F can both be rapidly produced. These two cytokines induce the
production of other pro-inflammatory markers [84]. Both IL-1 and IL-6 are necessary to initiate

Th17 expression, after which Th17 regulates the expression of IL-17A [85].
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Studies about the role of Th17 and especially IL-17A show contradictory results. IL-17A was
correlated with the prognosis of advanced stages of lung cancer [71], but, in contrast, Martin-
Orozco et al. [50] showed that tumour development is prevented by Th17, where the CD8+ T cells
are activated. The latter confirms that a protective role against tumours is played by Th17 and
IL-17A [50].

These contrasting statements were clarified when it was discovered that if lymphocytes are present
in the tumour environment, tumour rejection is promoted by IL-17, but when lymphocytes are
absent, IL-17 promotes angiogenesis and tumour growth [50; 86]. Therefore, it could be concluded
that IL-17A has both pro- and anti-tumour activities, depending on the type of cancer, as well as

the stage of the diagnosed cancer [84].

Tumour necrosis factor alpha (TNF-a)

Tumour necrosis factor alpha (TNF-a) is a pro-inflammatory cytokine (Table 1) and is the cytokine
that is released the most rapidly of all cytokines [44; 87]. TNF-a has lowering effects on IL-1
and IL-6; if TNF-a is reduced, IL-1R and IL-6 levels are also reduced. TNF-a, in particular, is
responsible for this reducing activity [87], which is specifically produced by Th1 [23].

This inflammatory marker is the key molecule in mediating inflammatory processes that
contributes to tumour progression. TNF-a can be produced by astrocytes, fibroblasts, smooth

muscle cells, Kupffer cells, tumour cells, keratinocytes and macrophages [88].

If TNF-a is chronically produced, it may act as a tumour promoter (endogenously), which assists
in the remodelling of the tumour, as well as the development of stromal cells, which are needed

for the tumour to grow and metastasise [8].

Interferon-gamma (IFN-v)

Interferon-gamma (IFN-y) is produced by Th1 cells and natural killer cells. According to a study
performed by Muhl and Pfeilschifter [89], this pro-inflammatory cytokine also has anti-
inflammatory properties (Table 1). Whether interferon is pro- or anti-tumorigenic will depend on
the cancer type, stage and microenvironment of the tumour [90]. This cytokine has the potential
to inhibit IL-1 and IL-8 and therefore directly affects inflammation [89].

In a study by Neuner et al. [66], it was shown that patients with high levels of IFN-y had a four-
year survival rate of 23% with a median survival of 13.3 months. Those with low IFN-y had a

lower four-year survival rate of 9.2% with a median survival of five months [66].
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Table 1: Summary on inflammatory action of relevant cytokine inflammatory groups

Cytokine Abbreviation Pro- or anti- inflammatory cytokine
Interleukin-1 beta IL-11 Pro-inflammatory [53; 54]
Interleukin-2 IL-2 Pro-inflammatory [23]
Interleukin-6 IL-6 Pro- and anti-inflammatory [49]
Interleukin-8 IL-8 Pro-inflammatory [75]
Interleukin-10 IL-10 Anti-inflammatory [77; 78]
Interleukin-12p70 IL-12p70 Pro-inflammatory [81]
Interleukin-17A IL-17A Pro- and anti-inflammatory [83;84]
Tumour necrosis factor alpha TNF-a Pro-inflammatory [44; 87]
Interferon-gamma IFN-y Pro- and anti-inflammatory [89]

Data according to overall studies in patients and in vivo

Inflammatory markers relevant to NSCLC

To enable the prediction of high-risk lung cancer cases or early diagnosis, an immense research
effort is understandably underway to identify biomarkers in blood, sputum, breath, airway
epithelial cells and urine [91-93].

Several studies confirmed the results by Keeley et al. [22] that higher levels of select biomarkers
were found in lung cancer patients, compared to control groups and higher levels of cytokines
were found in future cancer diagnosed patients (Table 2). Barrera et al. [57] found that levels of
IL-6, IL-8, IL-12p70, IL-17 and IFN-y were significantly higher in patients with NSCLC than
those of the controls. In another study by Trovo et al. [48], an increased level of interleukin 1
receptor antagonist (IL-1ra), IL-12, IL-17, IFN-y and a decreased level of TNF-a were found in
serum compared to the serum levels at baseline (Table 2).

Several studies confirm that inflammatory cytokines in cancer patients differ from that of the
controls [22, 48, 57]. In NSCLC, the cytokines that differ between the controls and the patients are
IL-18, IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-12p70, IL-17, TNF-o and IFN-y
(Table 2) [22, 57, 71, 72, 83].

In NSCLC patients, an upregulation of IL-1%, IL-6, IL-8, 1L-12p70, IL-17A and IFN-y and a
decrease in IL-2, IL-10 and TNF-a were found [57, 71, 72]. However, Keeley et al. [22] also
indicated a significant increase in TNF-a (p<0.01) in patients, and Huang et al. [83] support this
in a study where tumour tissue of NSCLC was compared to peritumour, and a significant increase
(p<0.05) was also seen in these cancerous tissues (Table 2). In contrast, some cytokines did not
differ from the control — these were IL-18 [57], IFN-y, IL-17A [71], TNF, IL-2, IL-4 [57; 71].
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Lung adenocarcinoma with metastasis to lymph nodes has shown similar profiles of cytokines as
that described by Barrera et al. [57], except for an increase 1L-2 and IL-10 as well. IL-10 plays a
definite role, as the addition thereof in NSCLC patients resulted in the secretion of IL-2 and
IFN-y (Table 2) [66].

The progression of cancer affects the cytokines even further as stage III and IV lung cancer’s
cytokine profile showed a significant elevation (p<0.05) when compared to stage 1 and 2 lung
cancer [94]. This was confirmed by a significant decrease (p<0.05) in cytokines IL-18, IL-2,
IL-8, IL-10, IFN-y, and TNF-a in lung cancer patients who lived > 5 years compared to those with
overall survival < 5 years [23]. Patients with lung cancer have shown a significant elevation in
IL-6 and IL-8 (p<0.001), but when patients who have received treatment are compared to those

without therapy, I1L-8 levels significantly decreased (p<0.001) [74].

When comparing other cancers to lung cancer, the cytokine profiles differ. In head and neck
cancers, an increase was seen in 1L-12p70, but a decrease in IL-1B, IFN-y and TNF-0, [22], and in
patients with oesophageal cancer, a significant increase (p<0.01) was seen in IL-1R, IL-12p70,
IFN-y and TNF-a [22].
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Table 2: The effects of different cell lines, cancer types or cancer treatments on inflammatory cytokines. An increase in cytokines is indicated with (+),

(++) indicates a statistically significant increase of p < 0.05, and (+++) indicates (p < 0.01). A decrease in cytokines is indicated (-), and significant
decreases of p < 0.05 are signified by (- -), p < 0.01 is indicated by (- - -)

Subjects

IL-18

IL-2 IL-6 IL-8

IL-10 IL-12p70

IL-17A

IFN-y

TNF-a

Other

References

Animal studies

Mucosa of AKR1B8 mice

Large cell lung carcinoma
cells in in vivo study in
comparison to before cell

inoculation

Patient related studies

NSCLC patients

Lung cancer patients
compared to benign lung

diseases

Lung cancer compared to

control groups

Lung cancer patients
receiving treatment
compared to those without

treatment

Patients with head and
neck cancer compared to

control

Patients with Lung cancer
compared to control

Patients with oesophageal
cancer compared to

control

+++

+++

+++

++

++

+++

+++

IFN-0 +
IL17a +
TNF-3 +
IFN-0 +++
IL17A +++
IFN-o +++

IL170 +++

[95]
[96]

[57]
[72]

[74]

[74]

[22]

[22]

[22]
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Table 2 (continued): The effects of different cell lines, cancer types or cancer treatments on inflammatory cytokines. An increase in cytokines is
indicated with (+), (++) indicates a statistically significant increase of p < 0.05, and (+++) indicates (p < 0.01). A decrease in cytokines is indicated (-), and
significant decreases of p < 0.05 are signified by (- -), p < 0.01 is indicated by (- - -)

Addition of IL-10 in - - [66]
NSCLC patients
Lung adenocarcinoma & ++ ++ & ++ [23]

patients with lymph node
metastasis in comparison
with no node metastasis

Lung tumour in patients -- -- -- -- -- -- IL1-0 - - [23]
who survived > 5 years
compared to those that IL-12p35 - -
survived < 5 years

NSCLC patients - +++ - + + 5 [71]

Stage 3 and 4 freshly ++ [94]
resected renal cell

carcinoma tumours

compared to Stage 1 and 2

Tumour tissue compared ++ ++ ++ ++ IL-17RA + [83]
to peritumour tissue of
NSCLC
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Oxidative stress

In the maintenance of physiological processes, oxidative stress functions as a secondary messenger
[9]. In many cancer-related processes, oxidative stress plays a vital role [10], where it is a
contributory factor in the initiation, promotion and malignant conversion of cancer [31]. A change
in the ration of ROS and antioxidants, caused by elevated levels of ROS, causes oxidative stress
and damage [11-13; 97-98].

Depending on the imbalance, time and intensity, oxidant type and cell type, oxidative stress can
influence the synthesis of antioxidant enzymes, thereby modulating signalling pathways,

apoptosis, inflammation, cell proliferation and finally the oncogenic transformation [11, 15].

Oxidative stress does not only have negative results; for instance, after physical activity, the body
produces free radicals (within a natural limit), which promote tissue growth. However, if this
persists over the long term, it may cause oxidative stress resulting in cellular damage [99]. A
delicate balance between ROS and antioxidants is therefore needed for proper cellular function,

and the intracellular ROS levels should be maintained steadily to prevent cell damaging [11, 20].

Biomarkers of oxidative stress

Reactive oxygen species (ROS) are oxygen molecules that contains an unpaired electron, which
makes it unstable. These molecules have short biological half-lives and target macromolecules,
which can cause tissue or cell damage through damage to nucleic acids, lipids as well as proteins
[16, 21, 97]. This may lead to DNA mutations, lipid peroxidation, and dysfunction of proteins
[21]. Living cells produce ROS as a by-product of normal cellular metabolism and aerobic
metabolism [12, 14, 15, 100] in mitochondria [101]. However, an irregular increase in ROS will
lead to oxidative stress [15, 102].

Reactive oxygen species may cause redox modulation or redox signalling. When ROS acts as a
second messenger and intervenes in responses that are necessary for proper cell functioning and
survival, then it is identified as redox signalling. Redox modulation, on the other hand, is the
process where ROS amends the functioning or activity of molecular targets that are redox-sensitive
— metabolic enzymes or signalling proteins, which results in pathophysiological or physiological
responses [14, 16, 17]. ROS also perpetuates inflammatory responses by activating cell signalling,
amplifying the production and the release of pro-inflammatory cytokines [16].

Different diseases will release different amounts and types of ROS [18, 103]. In response to stress
conditions or external stimuli, cells produce more ROS, forcing the living organism to have a series

of mechanisms to adapt to this exposure to ROS [104]. These stimuli include growth factors,
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cytokines, chemotherapeutics, environmental toxins and ultraviolet light [9, 15]. Cellular oxidative
stress molecules are needed to oxidise proteins, lipids, as well as DNA, and for this ROS is a
primary source; when ROS levels are excessively high, it will trigger feedback mechanisms such

as oxidative stress, and promote the activation of necrosis, apoptosis and autophagy [14].

Oxidative stress can be determined by investigating the disproportion between ROS production
and antioxidants [18]. In normal tissue and cell functioning, this balance is crucial [20]. In the
majority of cancer types, elevated ROS levels have been detected and are responsible for the
progression and development of tumours [20], and depending on the concentration, type and nature

of the ROS, it may have several different functions in cancer [14, 17].

To maintain a high proliferation rate, cancer cells in comparison to normal cells have a higher rate
of metabolism, which means they can maintain elevated ROS levels [14, 105]. Unlike other
cancers that are primarily driven by lactate dehydrogenase (LDH) glycolysis (Warburg effect),
lung cancer shows a high mitochondrial metabolism [106]. Both these before-mentioned pathways

— LDH and mitochondrial metabolism — have increased ROS generation [107; 108].

ROS may also be toxic to cancer cells, and some cancer treatments were developed according to
this process, where ROS is extensively increased to an extent where it reaches apoptosis [109,
110]. A high concentration of both ROS and antioxidant enzymes can lead to the proliferation and
progression of tumours, but when the level of ROS is elevated and an imbalance occurs, ROS was
shown to have anti-tumour effects [21].

Reactive oxygen species do not only play a role in cell damage, but also in intracellular signalling
and regulation, and play a crucial physiological role in biological processes and may induce
apoptosis [15, 97, 111, 112]. In the metabolism of certain drugs — such as doxorubicin,
acetaminophen, atorvastatin, clozapine, tamoxifen and oestrogen — ROS is generated by phase 1
cytochrome P450 enzymes through its catalytic cycle [17, 111, 1130-118].

Antioxidants are natural or synthetic compounds that can neutralise excessive ROS levels in the
body [97]. The antioxidant defences are crucial for the body, against its exposure to free radicals
[9, 18, 19], and therefore protect cells from oxidative damage [19]. Endogenous antioxidant
enzymes include superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx),
all of which protect vital biomolecules from oxidative damage [14, 16, 19].

The first major defence against oxidative stress is superoxide dismutase (SOD) [112]. This enzyme
catalyses the reaction of free radical oxygen molecules into hydrogen peroxide (H202), which is a

stable molecule [20, 112]. Catalase (CAT) and glutathione peroxidase (GPx) are abundantly
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present in the body, especially in cells that detoxify toxic substances by using oxygen. The H.O>

that is produced in this detoxification is then converted into water and oxygen [112, 119].

In several studies that were conducted on different types of cancer, a decrease in oxidative
enzymes’ activity — SOD, CAT and GPx — was seen against an increase in oxidative stress
and/or ROS [19, 120, 121]. Oxidative stress increased in correlation as the stage of lung cancer

advanced, and proportionally the levels of antioxidant molecules decreased [10, 122].

Kaynar et al. [25] showed that, in patients with NSCLC, significant changes were indicated in the
antioxidant defence system, where SOD and CAT increased, but lipid peroxidation also increased
[25]. This means that the increase in oxidative stress initiated an increase in the defence system,
but since the antioxidants’ working was insufficient to counteract the oxidative stress, it led to cell
damage [121]. Guner et al. [120] indicated a decreased level of antioxidant enzyme activity (SOD
and CAT) compared to controls. Comparing lung cancer and control groups, ROS was increased,
which may be due to the inadequate enzyme activity to reduce ROS [25, 120]. Huang et al. [19]
reported that whenever cancer cells were exposed to anti-cancer compounds, the oxidative

enzymes’ activity increased.

Tumour proliferation is inhibited by antioxidants [123] and their main role is to protect against
oxygen toxicity, which may lead to reactive oxygen metabolite levels being elevated [120]. There
are many antioxidants (proteins, non-protein or enzymes anti-oxidants) that have anti-

inflammatory activity [16].
Oxidative stress damage

When an excessive amount of ROS is present, which is beyond the capacity of the body’s defence
systems, it results in oxidative stress damage [9, 21, 124]. The cellular and DNA damage caused
by secondary contributors, such as lipid peroxides, may initiate the malignant transformation of

cancerous tissues [21, 95].

New covalent DNA- or protein adducts are formed when DNA or protein interacts with peroxides.
This will lead to the dysfunction of proteins, DNA mutations and strand breaks, which, in turn,
will lead to cell damage, genetic instability and the mutations of genes, and eventually to
tumorigenic progression [95]. Several lipid peroxides are formed during lipid peroxidation,
including o, B-unsaturated carbonyls — malondialdehyde (MDA), acrolein, 4-hydroxynonenal
(HNE), and crotonaldehyde [21, 125, 126]. Because MDA can arise from a few oxidative
mechanisms, it is seen as a general indicator of lipid peroxidase, but not a specific marker [127].
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These electrophilic carbonyl compounds, as a result of lipid peroxidation, increase the
permeability and damage of membranes and lipid peroxide levels, by acting as a secondary
pathogenic factor [21, 128-130]. Through secondary reactions of nucleophilic side chains and lipid
peroxidation products — aldehydes— carbonyl (CO) groups may be introduced into protein [131].
Because of the electrophilic carbonyl properties, lipid peroxides are genotoxic [21, 95]. The
majority of protein- and lipid damage caused by these lipid peroxides is irreparable [132]. Lipid
peroxidation may also contribute to cell damage as a result of oxidising products being generated

and the increase in oxidative stress levels, which eventually leads to inflammation [21, 130, 132].

Oxidative damage in cells is most likely to affect the proteins first, because they are more likely
to be catalysts [133]. When the side chains of proteins are oxidised, carbonyl (CO) groups are
produced [131]. Protein dysfunction due to carbonyls may impede the mitochondrial membrane
potential — which can lead to apoptosis — and the mitochondrial respiratory chain reaction,
resulting in elevated ROS production and its release in the cytosol [95]. Therefore, carbonyl lesions
in inflammation may create a brutal cycle of oxidative stress, enhancing cell as well as tissue
damage [5, 21]. The marker that is used the most for the modification of the oxidative status of
proteins is protein carbonyl (PC) [134]. An increase in oxidative stress damage in cancer patients

has been described, as shown in Table 3.
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Table 3: The effects of different cell lines, cancer types or cancer treatments on oxidative stress
biomarkers. An increase in biomarkers is indicated with (+), (++) indicates a statistically significant
increase of p < 0.05, and (+++) indicates (p < 0.01). A decrease in biomarkers is indicated with (-),
and significant decreases of p < 0.05 are signified by (- -), p < 0.01 is indicated with (- - -)

Subject group

ROS

SOD CAT MDA PC

Other tests References

In vivo and in situ studies

AKR1B8 mutant in
C57BL/6 mice compared

NSCLC patients
compared to control

SCLC patients compared
to control

Lung cancer patients

Oral cavity cancer
patients

Resected Lung cancerous
tissue compared to
normal tissue

In vitro_studies

Most aggressive large cell
carcinoma (HOP-92)
compared to 6-fold less
aggressive LCC cells (H-
460.

Treatment of Glioma
cells with copper-
antineoplastic treatment

Untreated melanoma cell
line
(B16-F10)

Treatment of melanoma
cells with Hinokitiol

+++

+++

++

++ ++ ++

+++ ++ +++

+++

+++

+++ +++ ++

+++ +++

[95]

GSH + [25]

GSH + [25]

[24]

GPx - [11]
GSH -
Lipid hydro-
peroxides +
[120]

GPx ++ [31]

[121]

[19]

[19]

Glutathione peroxidase (GPx); Glutathione (GSH); Large cell carcinoma (LCC)
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Relationship between inflammatory cytokines and oxidative stress biomarkers

A relationship between oxidative stress and inflammatory markers has been found, where both
affect and/or correlate with inflammation and the development and progression of differentiation

of cells to develop cancer (Table 2 and Table 3).

Several attempts have been made to establish the connection between cytokines and oxidative
stress, especially in cancer. This has proven to be difficult due to complicated pathways, which
include inflammation. Different diseases seem to have different correlations between cytokines
and oxidative stress markers [135-138]. Due to the paucity of direct relationships between
cytokines and oxidative stress in lung cancer, the correlations of other diseases will also be

discussed to elucidate an underlying trend.

In gestational diabetes, it was found that elevated MDA levels were associated with an increase in
the total oxidative status, and an increase in TNF-a was associated with increased levels of MDA
[136]. In diabetes, interleukin production is induced in response to elevated oxidative stress levels
[139].

Early pathophysiological events of pancreatitis, an inflammatory process of the pancreas, showed
that oxidative stress and cytokines play essential roles. It seems that nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB) and mitogen-activated protein (MAP) kinase are
responsible for the possible relation between cytokines and oxidative stress [135] (Figure 1). In
pancreatic cancer, enzymatic pathways are enhanced by pro-inflammatory stimuli of IFN-y, which
lead to high amounts of extracellular ROS produced by pancreatic cells. This generation of ROS

depends on the signalling pathways, of which NF- kB is one [138] (Figure 1).

Oxidative stress can be induced by inflammatory processes. The opposite effect is also possible,
where oxidative stress is responsible for inducing inflammatory cytokines, by activating several
pathways [140]. The most common pathway to be induced is the NF-xB [141, 142].
NF-kB is activated through secondary messengers — oxygen derivates — which lead to gene
transcription and encoding of growth factors and cytokines [21, 143, 144]. Dysregulation
of NF-xB signalling stimulates some pro-inflammatory markers (IL-1, IL-8, and TNF-a) and

therefore promotes carcinogens and inflammation [21, 145] (Figure 1).
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Figure 1: A summary of the role that nuclear factor kappa light chain enhancer of activated B cells
(NF-xB) plays in ROS production, cytokine expression and inflammatory response. Figure generated
from the combination of [135; 138; 147]

The activation of several stress kinases and factors, such as NF- kB, regulates genes for
antioxidants as well as pro-inflammatory mediators (Figure 1). Through this activation, oxidative
stress processes are suggested to have a vital role in inflammation [137]. No direct correlations
could be drawn, but connections were rather more stimulus- and cell specific and not the rule
[146].

In addition, ROS is induced by the normal mitochondrial process [147]. Co-stimulation of toll-like
receptors (TLRs) induces higher levels of ROS production, externalising higher concentrations of
endogenous adenosine triphosphate (ATP), which eventually leads to the elevated secretion of
IL-18. The secretion of TNF-a results in regulation at a transcriptional level and ROS mediates it
[148]. Antioxidants can restore production of IL-1RA and IL-6 [148], and therefore a direct link
between oxidative stress and these cytokines can be deduced. In an oxidising microenvironment,
the enhanced release of enzymes and molecules such as nitric oxide, superoxide, activation of
NF-«xB and the production of cytokines have been indicated [149] (Figure 1).

It is clear that the two pathophysiological processes — oxidative stress and inflammation — are
connected. The one will induce the other; therefore, if oxidative stress appears first, it is likely that
inflammation will follow; the opposite is also true, and these two linked processes will possibly

develop in chronic inflammation, resulting in diseases such as cancer [140].

Inflammatory cytokines and elevated levels of ROS produced in cancerous tissue activate several

signalling pathways, such as NF-xB, which are responsible for mediating cell proliferation,
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differentiation and apoptosis of cells [150]. The carbonyl lesions and oxidative stress then cause

DNA damage, which, in turn, plays a significant role in carcinogenic transformation [21].

Collins [151] stated that inflammatory cells were shown to release many different types of
enzymes, chemical mediators and reactive species, which may eventually lead to oxidative stress,
as well as cell and tissue damage. These inflammatory cells include activated phagocytic cells,

such as macrophages and neutrophils [152].
Conclusion

As the search for new and improved diagnostics and treatment strategies continues, it is essential
to understand the importance as well as the environment of cancer cells, with a focus on lung

cancer as the most prevalent cancer [33, 39, 41].

It is well known that cancer is connected to inflammation, where inflammatory cells play an
inevitable role in tumour growth, differentiation and migration [5]. With the information
assembled in the investigation of the inflammatory markers relevant to NSCLC, it follows that a
balance is needed between anti- and pro-inflammatory markers, since a dysregulation of the

cytokines may result in cancer [3, 43].

Another important pathway in cancer is oxidative stress, which is normally a secondary messenger
responsible for survival and apoptosis of cells [9]. An imbalance in ROS causes oxidative stress
that can lead to oxidative stress damage and eventually result in cancer through damage to DNA,
proteins and lipids [11-13, 97, 98].

From the literature, it can be concluded that in cancer patients and cancer models, an increase in
pro-inflammatory cytokines generally means that there was an increase in ROS and oxidative
stress damage markers (MDA and PC) and a decrease in antioxidants levels (SOD and CAT).

The exact relation between cytokines and oxidative stress markers in cancer has yet to be
confirmed, as this entails a complicated network system and not a single responsible factor,
enzyme or pathway. In other diseases, several possible connections were made: Because of
elevated MDA levels as well as TNF-a in diabetes and in pancreatitis, a correlation was seen with
elevated levels of IFN-y, which enhanced ROS levels [134, 137, 138]. ROS levels depend on the
NF- kB signalling pathway [137], which can possibly be a candidate in the connection between
cytokines and oxidative stress markers in cancer [141]. Inflammation can be promoted by a
dysregulation of NF- kB. This messenger can also influence both pro-inflammatory markers and
antioxidants [136], which increases the possibility that NF- kB is one of the major correlating

factors.
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CHAPTER 3: RESEARCH ARTICLE

Chapter 3 was written as a research article, titled “The effects of radiolabelled compounds on
inflammatory cytokines and oxidative stress biomarkers” for publication in the Journal of
Pharmacological and Toxicological Methods. This chapter was written according to the Guide
for Authors (https://www.elsevier.com/journals/journal-of-pharmacological-and-toxicological-
methods/1056-8719/guide-for-authors) and is included in Appendix D. However, for ease of
reading, the tables and figures are inserted at their appropriate positions in the manuscript. This

manuscript will be submitted for publication.
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Abstract

The increase in cancer numbers annually confirms the urgency of the availability of improved
cancer drugs. As further compromise of the immune system is not desirable, especially in
unhealthy subjects, it is essential to look at secondary responses of drugs as well as the effect of
these drugs on the immune system. The aim of this study was to establish the potential effects
that newly developed radiolabelled compounds may have on inflammation and oxidative stress,
by measuring the biomarkers of both conditions. Selected cytokines were analysed by means of
flow cytometry using cytometric bead array and oxidative stress by enzymatic assays in 20 RNU
female rats used to conduct this study. Methods: Cytokines were measured in the tissue and
serum samples from xenografted RNU (RX) treated with two different radioactive compounds and
control animals. Oxidative stress biomarkers were analysed using fluorospectrophotometry
according to biomarker specifics. The result did not show a significant difference (p < 0.1) in the
cytokines of the radiolabelled exposed group. A few significant (p < 0.1) changes were seen in
the RX group compared to non-xenograft rats (RH). Even though the effect of radiolabelled
compounds on cytokines and oxidative stress was not significant, a relationship between some
markers was noted. Further investigations will help discover whether there are correlations
between the biomarker reactions.

Keywords

Antioxidant, Biomarker, Cancer, Cytokines, Oxidative stress, Radiolabelled compounds,
Xenograft

Abbreviations

A549 — adenocarcinomic human alveolar basal epithelial cells; CAT — catalase; Cu — copper; g —
gravitational force; IL — interleukin; IFN — interferon; IVCs — Individual ventilated cages; TNF—
tumour necrosis factor; MDA — malondialdehyde; Necsa — The South African Nuclear Energy
Corporation; NSCLC — non-small-cell lung cancer; PC — protein carbonyl; Pd — palladium; PE —
Phycoerythrin; RCF — relative centrifugal force; RCu — copper(ll) chelate exposed animals; RDA
— redundancy analysis; RH — Non-xenograft; untreated animals; RNU rats; baseline group —
Rowett nude rats; ROS — reactive oxygen species; RPd — palladium(ll) chelate exposed animals;
RX — xenograft animals; SOD — superoxide dismutase; WHO — World Health Organization
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Introduction

In 2018, cancer was the second leading cause of death globally, accounting for 9.6 million deaths
(World Health Organization, 2018). This growing number of mortalities increases the urgency for
new and improved diagnostic methods and effective treatments (Gilligan & Dwyer, 2017; Wang
et al., 2017). New and improved treatments for cancer are necessary to decrease the number of
cancer-causing mortalities, and to alleviate the severe adverse effects of current drug regimens
(Igbal et al., 2017).

Drugs containing atoms of radioactive elements can be classified as radiolabelled compounds,
and are used for both diagnostic purposes and targeted therapy (Blower, 2015). They deliver
ionising radiation to areas in the body with diseases, and may consist of macromolecules or even
small organic molecules (Fichna & Janecka, 2003). The half-life of a radionuclide must be long
enough in diagnostic imaging to enable the labelled compound’s synthesis and to accumulate in
target tissue, but to slow the clearance in the target tissue, while the non-target tissues and organs
are cleared. Therefore, the half-life of a radiolabelled agent should be such that both these goals
are met while at the same time limiting the radiation dose in the patients (Fichna & Janecka, 2003;
Anderson & Welch, 1999). It is essential for radioisotope, chelated with diagnostic agents, to
remain stable throughout the entire imaging, as data will not be useful if not stable (de Barros
et al., 2012).

Radiometals that are used for radiopharmaceuticals in positron emission tomography (PET) and
single-photon emission computed tomography (SPECT) have half-lives that range from 10
minutes for %2copper to several days for ®’gallium. The required half-life depends on the time
required for the radiopharmaceutical to reach and localise in the tissue targeted. Tumour-targeting
radiolabelled compounds take longer to reach the target than for example heart-targeting
compounds. Additional important factors to consider in diagnostic agents are also the cost and
availability of the agent (Anderson & Welch, 1999).

Radiolabelled compounds can be developed and synthesised according to pharmacokinetic
requirements or demands (Fichna & Janecka, 2003). Although various elements are available to
nuclear medicine, an element that is unique in the appropriate selection of radionuclides for
diagnostic and targeted therapy is copper (Ikotun & Lapi, 2011; Boschi, Martini, Janevik-
Ivanovska & Duatti, 2018).

It is believed that inflammation influences the development of cancer as well as the progression
thereof (Brenner et al., 2014). A correlation was found between radiation therapy and the changes
in inflammatory markers (Bower et al., 2009; Miller & Meineke, 2007). Dysregulation of
inflammatory markers can be indicative of chronic inflammation, which may include cancer

(Ghuman et al., 2017; Keeley et al., 2014; Trovo et al., 2016). Tumour cell growth may also be
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promoted by certain cytokines that are partly being produced in the tumours (Trovo et al., 2016).
In a study done by Keeley et al. (2014), the majority of the biomarkers tested were much higher
in patients with lung cancer than in those of the controls. Therefore, the assumption is made that
inflammation markers will differ between patients who have cancer and those without.

Various research efforts have been described related to biomarkers in blood, sputum, urine,
breath and epithelial cells in the airway for the prediction of high-risk cases and early diagnosis
(Spira et al., 2007; Blomquist et al., 2009). The improvements in endoscopic techniques and
diagnostic imaging will also contribute to surgical refinements (Adams et al., 2009).

In the regulation of physiological processes, such as survival, apoptosis and proliferative
signalling pathways, oxidative stress plays an important role as a secondary messenger (Filaire
et al., 2013). In many cancer-related processes, there is oxidative stress involved (da Motta et al.,
2015). In lung cancer patients, antioxidants such as superoxide dismutase (SOD) and catalase
activity (CAT) decreased. It may be due to an increase in the production of reactive oxygen
species (ROS), which cannot not be detoxified due to possible inadequate enzyme activity (Gliner
et al., 1996; Kaynar et al., 2005).

This study aims to investigate the effects of treatment on two new radiolabelled compounds on
the levels of selected cytokines and oxidative stress biomarkers in a xenograft rodent cancer

model.

Materials and Methods
Materials

Cell culture

The A549 cell line (adenocarcinomic human alveolar basal epithelial cells) was obtained from the
ATCC (Manassas, VA, United States of America). All tissue culture reagents and consumables
were acquired from either Sigma-Aldrich (St Louis, MO, USA) (now Merck, Darmstadt, Germany)
or Thermo Fisher Scientific (Waltham, MA, USA), unless otherwise stated, and were of analytical
grade (>99%).

Radiolabelled compounds
The radiolabelled compounds were designed at the School of Chemistry, University of KwaZulu-
Natal, South Africa, by Prof Akerman and his research group. The synthesis of these compounds

was done at Necsa, South Africa. The chelate components of the compounds are novel and under

development and will therefore not be disclosed in this manuscript.
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The copper (II) chelate compound was administered intravenously through the tail vein. A dose
of approximately 190 pg compound was administered to each rat (RCu). The palladium (I1)
chelate compound was administered to the rats (RPd) intravenously at a dose of approximately
60.9 ug per rat, through the tail vein.

Cytometric bead array

A Super-X Plex™ Cytokine flow cytometry assay kit and additional kits were bought from
Antigenix America Inc. for cytokine analysis. The Super-X Plex™ flow cytometry assay Kit
(RX11122-C9) consisted of antibody conjugated beads, detection antibody biotin, and standards.
The kit consisted of a 96-well filter plate, wash-, lysate assay- and reading buffer, streptavidin-PE

conjugate and detection antibody diluent.

A rat serum/plasma diluent kit (DKM100), which contains mouse/rat serum, plasma assay buffer
and mouse /rat serum, plasma standard diluent, as well as a cell lysate diluent kit (DKL100) that

contained cell lysate assay buffer and cell lysate standard diluent, was bought additionally.
Biomarker analysis

Reagents used in the biomarker analysis were acquired from Merck (Darmstadt, Germany),
unless otherwise stated. All reagents used were of analytical grade (>99%). Consumables were
obtained from Thermo Fisher Scientific (Waltham, MA, USA).

Methods

Cell culturing method

The A549 NSCLC cell line was cultured in Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 10% foetal bovine serum (FBS) and 1% penicillin/streptomycin. The culture
was kept in a humid environment of 5% carbon dioxide (CO;) with the temperature at 37°C. The
cells were monitored daily for growth and confluence. Once a confluency of between 70 to 80%
was reached, the cells were trypsinised, harvested and used to inoculate the animals in the in

Vivo study.
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Animal selection, husbandry and group allocation

The Rowett nude (RNU) rats were used for this study, as they were first nominated as the best
species on which to do the cancer study, as these rats are immunodeficient. Because of the
immunodeficiency and the absence of T cells in these rats, the cytokine study is not as simple as
would have been desired, but the majority of these inflammatory cytokines are nevertheless
produced by B cells or natural killer (NK) cells, which the RNU rats have. Cytokines are produced
and coordinated by several different cell types such as B cells, T cells, macrophages, neutrophils,
etc. (Zhang & An, 2007). Therefore, we will still be able to use this species for the cytokine study
as a cytokine level will be detected even in the absence of T cells.

Female RNU rats, between the ages of four and six weeks, were bred in-house at the DST/NWU
Preclinical Drug Development Platform Vivarium, a good laboratory practice (GLP) certified and
an AAALAC-accredited facility [NWU-00178-18-A5]. The rats received unique identification
numbers and were housed in individual, ventilated cages (IVCs). Two to three rats of the same
group were kept per single IVC, which was cleaned regularly, with food and water available ad
libitum. The IVCs were kept in an environmentally controlled study room with 12h light/12h dark
cycles. Routine monitoring was done daily. The animals were divided into four groups: the first
group was the untreated non-xenograft control group (RH), which received no intervention (n=5),
a cancer (xenograft) control (RX) (n=5), and two xenograft groups (n=5 each), exposed to the two

distinct radiolabelled compounds (RCu and RPd).
Xenograft model and lifespan of rats

Fifteen animals (RX, RCu, and RPd) were inoculated with A549 cells at the age of four to six
weeks. The xenografts were performed by harvesting viable cells re-suspended in a 1:1 Matrigel
and plain Dulbecco's Modified Eagle Medium (DMEM) suspension. The animals were injected
subcutaneously with 100 pL 1:1 Matrigel, plain DMEM suspension (1 000 000 viable cells), in the
right hind leg, followed by close monitoring until the tumours have reached a volume size of
100 to 150 mm3. The tumours were monitored and measured every second day. The tumours
were limited to a maximum length of 40 mm (University of California San Diego, 2015). If the

tumour volume exceeded this), the rats were euthanised to minimise distress and pain.

The tumour volume is calculated according to the following formula:
Volume ( mm3)=% (length x width?) (Equation 1)

Once the tumour had reached the desired size (100-150 mm?3), all the rats (RH, RX, RCu and
RPd) were transported to the South African Nuclear Energy Corporation (Necsa). The rats were

given seven days to acclimatise in IVCs, before the compounds were administered.
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Groups RCu and RPd received copper (II) and palladium (Il) chelate compounds, respectively.
The rats were euthanised 24 hours post-administration of the compounds by an overdose of

isoflurane followed by decapitation.

The animals from the control and baseline groups — RH and RX — were anaesthetised and
euthanised on the same day as the radiolabelled exposed groups.

Animal euthanasia and sample collection

Once the animals were euthanised, blood was collected immediately, followed by centrifuging of
the blood for five minutes at 3 000 RCF to obtain serum, followed by the dissection of animals.
The serum, kidneys, liver and tumours — where applicable — were collected and radioactivity

was determined. All samples were stored at -20°C before and after analysis.

The samples remained stored at -20°C until they were declared non-radioactive by the radiation
officer at Necsa. These samples were then transported on ice to the laboratory at the DST/NWU
PCDDP and stored at -80°C until further use.

Sample preparation

Kidney, liver and tumour samples were mechanically homogenised in three different batches
according to different buffers used in the various assays. The specific or relevant buffer of each

assay was also added to the serum samples.
Cytokine analysis using flow cytometry

Selected cytokines in the tissue and serum were determined by means of a cytometric bead assay
(Super-X Plex™ Cytokine Assay; Antigenix America Inc., USA). All reagents used were supplied
with the kit. In short, 20 mg tissue was homogenised in 100 pL kit-specific homogenising buffer
for the cytokines. Forty-five microlitres of capture bead suspension was added to the 96 well-filter
plate, the solution was removed by vacuum, after which the beads were re-suspended with 30 pL
assay buffer and 15 puL sample and the plate was sealed. After incubating for an hour at room
temperature on a microtiter plate shaker, the plate was washed three times by removing the liquid
by gentle vacuum and washing with the supplied wash buffer (100 uL each time). After washing,
25 pL biotinylated individualised cytokine antibody solution was added, sealed and incubated for
30 min. The plate was washed three times once more. Each well was filled with 25 pL
Streptavidin-PE working solution. The plate was then sealed again and incubated for 20 min. After
washing twice with 100 pL wash buffer, the supplied reading buffer (150 pL) was added to each
well and agitated on a microtiter plate shaker. The plate was read on a Becton Dickenson (BD)

Accuri® C6 flow cytometer. Prior to analysing the samples on the BD Accuri®, thresholds were set
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for the standards to be applied on the samples — forward scatter was set to 350 000, and side
scatter was set to 450 000. Gating was done on standards by using sizes of 4 ym and 5 pm,
respectively, using the protocol to detect how groups should be labelled. The data were analysed
using the FCAP Array™ software (version 3.0) from Beckton Dickenson. The assays were run in

duplicate according to the manufacturers’ assay protocol.
Biomarker analysis

All biomarker analysis results were reported relative to its protein content (mg/mL). Protein
content was determined according to Bradford (1976). In short, each sample (5 pL) was added to
245 uL of Bradford’s reagent and the absorbance was read at 590 nm on the SpectraMax®

Paradigm® multimode detection platform. Samples were analysed in triplicate.
Biomarkers of oxidative stress
Reactive oxygen species (ROS)

The assay for ROS was conducted according to Socci et al. (1999) and modified by Flora et al.
(2013). In the presence of ROS and esterase, the oxidative conversion of stable H.DCFDA to
2, 7-dichlorofluorescein (DCF) (highly fluorescent) can be measured. A sample preparation was
made using general homogenising buffer [0.1M potassium phosphate buffer, 1 nM EDTA, 1.15%
potassium chloride (KCI), 20% glycerol, 0.1 nM phenyl methane sulphonyl! fluoride] for a 10%
(w/v) preparation. Homogenates and serum samples were further diluted to 0.25 % (w/v) with

40 mM Tris-HCI (pH 7.4). The assay was conducted on ice.

Each sample was divided into two fractions of 1 mL each. The first fraction served as a blank
control — 40 pL methanol was added to each sample (to account for methanol’s auto-
fluorescence), and the second fraction 40 uL of 1.25mM 2, 7-dichlorodihydrofluorescein
diacetate (H.DCFDA) (Thermo Fisher Scientific (Waltham, MA, USA) dissolved in methanol was
added for the estimation of ROS. All samples (fraction one and two) were incubated in a water
bath at 37°C for 15 min. The fluorescence was read at 488 nm excitation and 525 nm emission
on the SpectraMax® Paradigm® multimode detection platform. The samples were blanked by
subtracting the blank from the loaded samples. The reading was expressed as relative
fluorescence units (RFU) (Flora et al., 2013; Socci et al., 1999).
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Superoxide dismutase (SOD)

The analysis for superoxide dismutase (SOD) was adapted from Del Maestro and McDonald
(1985), as modified by Kim et al. (1995). The SOD assay is based on the principle of superoxide
catalysing the pyrogallol autoxidation inhibition. Homogenising the tissues, 12 pL general
homogenising buffer were used for 1.25 mg tissue.

A mixture of 50 mM Tris-buffer and 1 nM diethylene triamine penta-acetic acid (DTPA) (pH 8.2)
was prepared in a 49-to-1 ratio. The DTPA/Tris buffer [1:49 v/v] (245 pL) was added to 4 pL
sample and Tris-buffer blank in triplicate in a 96-well microtiter plate. The reactions started as
soon as 4 pL pyrogallol (24 nM pyrogallol in 10 mM HCI) was added to each well. The kinetic
reaction was recorded by measuring the absorbance every 30 seconds for five minutes at 560 nm
on the SpectraMax® Paradigm® multimode detection platform, starting at time = 0 min for 11
intervals (five minutes) (Del Maestro & McDonald, 1985). The assay was performed on ice and in
a dark room (pyrogallol is light sensitive). SOD was determined using the gradient of auto-
oxidation of pyrogallol. SOD was expressed as ngSOD/mg protein (Del Maestro & McDonald,
1985).

Catalase activity (CAT)

The catalase (CAT) analysis was done according to Cohen et al. (1970). For this study, 3 mg
tissue was homogenised in 30 yL general homogenising buffer. Homogenate and serum samples
were centrifuged for 10 min at 4°C at 10 000 RCF-.

The supernatant (10 puL) was added to a 96-well plate in triplicate. A volume of 93 uL hydrogen
peroxide (H202) (6 mM) was added to each well, followed by mixing and three-minute incubation
period. The reaction was stopped by adding 19 pL sulphuric acid (H.SO.), followed by
immediately adding 130 pL of potassium permanganate (KMnOa). A blank (10 uL phosphate
buffer) and a standard (102 pL phosphate buffer, no H.O>) were also measured for each reading.

The absorbance of each sample was then read on the SpectraMax® Paradigm® multimode
detection platform at 490 nm within 30 to 60 seconds. The catalase was calculated according to
Cohen et al. (1970). CAT activity is expressed as pmol H.O2/min/mg protein. One unit of catalase
activity represents the quantity of enzyme catalysing the decomposition of H.O, (1pM) per minute
(Lietal., 2017).
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Biomarkers of oxidative stress damage
Lipid peroxidation

The lipid peroxidation assay was done according to Ohkawa et al. (1979) as modified by Uner et
al. (2005). To analyse the lipid peroxidation, the malondialdehyde content was measured. Twenty
milligrams of tissue were homogenised in 100 pL 0.25 M sucrose buffer [250 nM sucrose, 25 mM
tris-HCI] (pH 7.4) for the MDA assay. Homogenate and serum samples were centrifuged at 4°C
for 10 min at 10 000 RCF and the supernatant used in the assay.

In a 2 mL microcentrifuge tube, 12.5 pL sample homogenate (supernatant) and 25 pL 8.1%
sodium dodecyl sulphate (SDS) were added, followed by 187.5 pL 20% acetic acid (pH 3.5),
187.5 pL 0.8% thiobarbituric acid, and 87.5 pL deionised water. The samples were incubated at
95°C in a water bath for 30 min. Once cooled to room temperature, 125 uL deionised water and
625 uL butanol:pyridine solution (n-Butanol and pyridine [15:1]) were added. The samples were
then vortexed and centrifuged for 10 min at 2 700 RCF at room temperature (23-25°C). The
supernatant was read in triplicate at 532 nm (optical density) on the SpectraMax® Paradigm®
multimode detection platform. Lipid peroxidation is reported as nmol/mg protein (Uner et al.,
2005).

Protein carbonyl formation

Protein carbonyl (PC) formation was analysed using the same method described by Floor and
Wetzel (1998), as modified from Levine et al. (1990). In the PC assay, 500 UL general

homogenising buffer was used to homogenise 50 mg tissue.

Homogenate and serum samples were centrifuged at 4°C at 10 500 RCF for 30 min. In a 2mL
microcentrifuge tube, 500 pL of 2, 4-dinitrophenylhydrazine (DNPH) [10 mM in 2 M HCI] was
added to 500 pL of the supernatant and incubated at room temperature for one hour and vortexed
every 10 to 15 min. After the one-hour incubation period, 500 uL 6% trichloroacetic acid (TCA)
was added to the samples to precipitate the proteins. The precipitate was then centrifuged at
10 000 RCF for three minutes at room temperature. The TCA was discarded carefully, and the
protein pellet was washed three times by re-suspending it in 1 mL ethanol/ethyl ether (1:1). The
sample was left to stand for 10 min before centrifuging and discarding the supernatant after each
wash. After the final wash, 400 pL guanidine hydrochloride (6 M guanidine hydrochloride in 50%
formic acid) was added to solubilise the proteins. The samples were left to stand for 15 min at
37°C, before centrifuging at 16 000 RCF for five min. The supernatant was then read in triplicate
(100 pL each) on a 96-well plate at 366 nm on the SpectraMax® Paradigm® multimode detection

platform. Protein carbonyls were reported as nmol carbonyls/mg protein (Floor & Wetzel, 1998).
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Statistical analysis

The data obtained during this study were expressed as mean + the standard error of the mean
(SEM). The datasets were analysed using one-way ANOVA or the non-parametric Kruskal-Wallis
test (depending on normality). Dunn’s multiple comparison test was used to determine the
significant differences between data. Significance was tested at a 90% and 95% confidence level.
Statistical analysis was done on GraphPad Prism version 6 (GraphPad, San Diego, CA, USA).
Multivariate statistics were performed using Canoco 5 for Windows.

Results

The results of the cytokine analysis and the oxidative stress results are presented in Table 1 and
Table 2, respectively. Of the cytokines, interleukin-1f3 (IL-1R) and interleukin-8 (IL-8) had the
highest concentrations (1964 pg/mL and 3753 pg/mL, respectively) (Table 1). The organ group
with the most detected cytokines (IL-163, IL-8, and IL-17A) was the kidneys, followed by tumour
samples (Table 1). The lowest concentration of cytokines detected was for IL-2 and IL-10
(17.21 pg/mL and 20.45 pg/mL, respectively). The lowest concentrations of cytokines were also

measured in the serum (Table 1).

Catalase activity was the greatest in the tumour samples (RX and RPd), whereas the least activity
was measured in the serum (RH and RPd) (Table 2). RX serum and RPd tumours had the highest
levels of SOD activity, whereas treatment with both RPd and RCu resulted in an inhibition of SOD
(Table 2). The highest concentration of ROS was determined in xenograft control (RX) liver
samples (1.8x108 RFU) and in the palladium exposure group’s (RPd) kidneys (1.67x10% RFU)
(Table 2). The lowest ROS concentrations were measured in the palladium- and copper exposure
groups’ serum and tumour samples, respectively (Table 2). Malondialdehyde content (MDA) was
the highest in the RCu tumour samples (0.491 ng/mol), followed by the RPd kidney samples
(0.241 ng/mol) (Table 2); the least amount of MDA quantified was in the tumour samples of RX
and RPd (Table 2) (0.127 and 0.118 ng/mol, respectively). The PC levels in all samples were low
with little variation between groups. (Table 2). Overall, the serum samples had the lowest levels
of oxidative stress markers, whereas the tumours had the highest levels of oxidative stress

markers.
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Table 1: Inflammatory marker levels (pg/mL) in kidney, liver, serum and tumour samples of the Cu (Il) chelate and Pd (Il) chelate exposed groups, as
well as a xenograft and healthy control. Results are indicated as a mean + standard error of the mean (SEM)

IL-113 IL-2 IL-8 IL-12p70 IL-17A TNF-a IL-6 IFN-y IL-10
RH Kidney 1964+222.1* 210.8+24.31 880.3+128.4  522.7+75.33 2410+221.3* 385.1+45.78* 551.7+104.9 564+75.17* 174.9+20.41
Liver 237.4+39.02 30.73+12.04* 22.06+9.407  33.98%+5.247 299.1+53.48 51.78+9.296 30.53+5.523 42.8+7.119* 20.45+2.194*
Serum 88.7£24.86 53.23+7.768 844.9+169.9* 208.8+48.89* 518+124.8 50.12+14.75 290.1+69.97 38.76+8.431 41.93+6.608
RX Kidney 1129+133.3* 144.5+16.83 396.6+57.78% 366.7+23.2 1579+100.1* 236.3+14.08*  238+25.94 287.7+16.65* 115.6+5.449
Liver 344.6+85.82 51.31+9.774* 49.35+15.64  87.07£20.65 290.6+76.21 70.35+9.868 60.1+18.27 95.15+18.57#* 71.37+13.52*
Serum 48.33+8.178 17.21+6.785 355.6+89.68* 26.79+5.654* 347.5+47.86 63.86+23.19 107.5£25.85 27.52+6.002 26.93+4.864
Tumour 176.5+63.86 62.52+50.6 3753+460.2% 166.5£91.42 290.4+£26.95 60.04+25.12%# 37.03+13.52 40.23+14.32 45.99+16.71
RCu Kidney 1609+165.47 130.8+21.08 1210+114.1%t 473.7+38.037 1579+135 317.7+32.09 366.9+54.36 345.8+40.8 156.1+12.98f
Liver 235.4+32 26.51+4.23 30.8+3.22 284.4+34.62 47.52+11.24t 35.45+8.565 34.83+7.362% 33.14+2.536
Serum 46.5+12.25 69.44+28.81 182.5+72.93  43.42+6.947 230.9+27.75 27.91+14.95 58.83+26.88 33.36+9.231 32.09+4.943
Tumour  296.1+122.3 46.58+18.47 2680+316.8  185.2+79.12 222.6+58.99 186.2+43.36% 135.6+135.6 57+20.01 19.41+5.08
RPd Kidney 829+162.77 91.57+18.89 249.1+62.45t 267.9+62.1t  1011+258 198.2+43.54 179.8+46.63 228.4+49.38 70.48+15.48f
Liver 456.6+168.4 56.15+8.264 109.9+59.92  59.54+11.26 481+86.98 105.5+14.357 41.12+12.15 70.31+14.38 55.08+9.228
Serum 33.3£10.4 48.09+18.9 334.9+£112.3  29.77+6.09 203.2+79.51 71.86+8.438 172.8+72.57 29.26+7.507 28.01+5.921
Tumour  319.3+x111.2 26.84+15.13 256.7+13.75* 112+17.04 279.2+60.01 81.07+25.71 147.1+37.77 72.13+21.41 48.76+14.55

(*) Indicates significant results, compare to RH (healthy group)

(*) showed significant results (p<0.1) of exposure groups compared to RX (xenograft animals)
(h) shows significant results (p<0.1) in the compound exposed groups
ND indicates non-detected results
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Table 2: Oxidative stress marker levels in kidney, liver, serum and tumour samples of the palladium (ll) chelate and copper (Il) chelate exposed

groups, as well as a xenograft and healthy control. Results are indicated as a mean + standard error of the mean (SEM)

ROS SOD CAT MDA PC
RFU ng SOD/mg protein umolHZOZ/_min/mg nmol/mg protein nmol carbo_nyls/mg
protein protein
RH Kidney 8x107+1x107 0.159+0.026 38.85+6.114 0.169+0.009 24.48+3.58
Liver 9.25x107+1.55x107 0.146+0.025 34.7+9.88* 0.187+0.018 12.49+1.88
Serum 2.53x106+4.82x10° 0.231+0.035 14.26+1.914 0.209+0.053 5.726+0.853
RX Kidney 1.3x108+1.52x107 0.267+0.104 37.91+£8.9 0.167+0.018 16.11+2.643
Liver 1.8x108+3.98x107 0.381+0.336 138.6+12.86* 0.150+0.035 17.54+6.626
Serum 3.61x106+1.05x108 1.45+1.142 29.72+7.245 0.187+0.013 9.064+1.81
Tumour  5.19x106+2.79x108 0.405+0.117 142.9+27.48 0.127+0.015 28.16+£5.71
RCu Kidney 9.16x107+£1.42x107 0.345+0.032 55.24+12.38 0.128+0.023f 20.83+1.535
Liver 8.64x107+3.54x107 0.146+0.032 75.61+8.689 0.163+0.011 28.37+£2.957
Serum 3.90x106+7.59x10° 0.2359+0.037 21.97+4.726 0.147+0.0207 6.461+1.11
Tumour  1.87x10%+1.57x108 0.228+0.093 133.6+x4.71 0.491+0.172 23.98+10.68
RPd Kidney 1.67x108+3.40x107 0.213+0.044 63.31+11.13 0.241+0.037f 16.98+4.724
Liver 1.61x108+3.34x107 0.425+0.252 60.22+11.05% 0.220+0.024 17.73+6.334
Serum 2.25x106+3.92x10° 0.193+0.054 13.35+1.804 0.230+0.020 8.982+1.009
Tumour  8.02x106+3.93x108 1.94+0.902 518.4+227.4 0.118+0.043f 12.31+2.478

(*) Indicates significant results, compare to RH (healthy group)
(*) showed significant results (p<0.1) of exposure groups compared to RX (xenograft animals)
(") shows significant results (p<0.1) in the compound exposed groups



Discussion

Table 3 presents the comparative increases or decreases of cytokines and biomarker levels
between the four groups. All cytokines were decreased in the kidneys and serum, and increased
in the liver. The cytokines detected in the liver and kidneys showed opposite trends after
inoculation of the A549 cell line. The serum samples had similar reactions as the kidneys
( Table 3).

The changes in cytokines in animals with a cancer xenograft are evident when comparing the
untreated non-xenograft group — RH — with the xenograft control, RX. In the RX group’s kidneys,
IL-1R, IL-17A, IFN-y and TNF-a levels were decreased significantly (p<0.1) (Table 3). In the livers
of RX animals, IL-2, IL-10, and IFN-y were increased significantly (p<0.1). The serum cytokine
levels of IL-8 and IL-12p70 were significantly (p<0.1) decreased in the RX group compared to RH.
In a study with NSCLC patients, different results were shown, where compared to controls showed

a significant increase (p<0.05) in serum levels of IL-12, IL-17, and IFN-y (Trovo et al., 2016).

Exposure of the animals in the radiolabelled compounds (RCu and RPd) exposed or treated
groups resulted in different effects on the cytokines relative to the xenograft model (RX). The
copper (II) chelate exposure resulted in an overall increase in cytokines in the kidneys, where
IL-8 was significantly increased (p<0.05) (Table 3). In the liver of RCu exposed groups, cytokines

were decreased, with IFN-y levels decreased significantly (p<0.1).

Serum and tumour samples of the animals of the RCu group showed no visible trend in the
cytokine changes relative to the RX control. Only TNF-a measured in the tumours of the RCu
group had a significant increase (p<0.05) (Table 3).

Palladium (II) chelate treatment resulted in a decrease in all cytokines in the kidneys. In the liver,
an overall increase was noted, except for IL-12p70, IL-6, IFN-y and IL-10 (Table 3). The serum
also showed an overall increase, except for IL-1[, IL-8 and IL-17A. The decrease in IL-8 levels in
the tumour was the only significant change (p<0.05) in all of the palladium exposed (RPd) samples
compared to RX (Table 1). With the exception of copper increasing IL-8 in the kidneys, increasing
TNF-a in the tumour, decreasing IFN-y in the liver, and palladium decreasing IL-8 in tumour, no

other significant data were found in the radiolabelled exposed groups compared to the RX group.
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Table 3: The effect of xenograft and compound exposure on inflammatory markers and oxidative stress markers in different samples (p<0.1)

Pro- and anti- Anti- Oxidative stress
Pro-inflammatory cytokines inflammatory inflammatory Oxidative stress markers damage
cytokines cytokine biomarkers
IL-18  IL-2 IL-8 IL-12p70 IL-17A TNF-a IL-6 IFN-y IL-10 ROS SOD CAT MDA PC
Ki
RX effect idneys || I 1 ! 1 1 1 b I T i ! I I
fogﬂaFEd Liver T T T T T T T T T T ! T I T
o]
Serum 1 ! I 1l 1 7 1 ! ! 1 1 1 ! T
Kidneys 1 Lo 1 1 1 1 1 1 ! 1 1 ! 1
RCu Liver 1 I ! 1 1 1 L 1 ! 1 1 T T
compared
to RX Serum 1 T 1 T 1 1 1 T T T ! ! I I
Tumour T l 1 T 1 Tt T T I ! ! ! T I
Kidneys 1 I 1 ! 1 1 1 ! 1 T 1 i T T
RPd Liver T T T ! T T 1 ! 1 ! i 1 T T
compared
to RX Serum ! T l T l T T T T ! ! ! T I
Tumour 1 | | ! ! 1 1 1 1 1 1 1 ! !
RPd Kidneys || ! I L 1 1 1 ! 1 T 1 T " I
compared Liver 1 1 1 1 () 1 1 ) 1 1 ! ) l
ORCU seum p L g ! 1 1 1 ! ! ! ! ! " 1
Tumour 1 | | ! 1 ! 1 1 1 1 1 1 ! !
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In a comparative percentage composition of the different cytokines measured in the different
tissue and serum samples for every animal group, a better understanding of the ratio of cytokines
can be seen (Figure 1). A comparison of the liver and kidney composition of cytokines showed
that their compositions are similar to each other — IL-10 being the cytokine detected the least. In
the serum samples, an overall slight increase in IL-8 and a decrease in IL-1[3 are present. The
tumour tissue shows a significant difference in cytokine composition compared to the other
samples. Interleukin 8 showed a significant increase in RX and in RCu, but in the RPd it was
decreased. The cytokines — IFN-y and IL-17A — showed a decrease in the percentage
composition in all groups of the tumour tissue. In the RPd group of tumour tissue, IL-1 was much
higher than RX and RCu (Figure 1).

100+

Ml IL-10

I B IFN-y
@ IL-17A
B I I 0 IL-6
50 . I - TNF-CL
B 0 IL-12p70
=Il = L8

IL-2
IL-16

% composition

3 -
Ié(é&l

Kidney Liver Serum Tumour

Figure 1: The percentage (%) composition of the cytokines measured in different tissue or serum
samples in each group of RNU rats

A principal component analysis (PCA) was performed on the cytokine levels in the tissue samples
from all groups. It is based on a linear response model that explains the variance in the dataset.
Results are interpreted according to Smilauer and Leps (2014). Correlation between variables is

indicated by the angle between their vector lines; the closer to 0° the stronger the correlation.
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Figure 2: PCA biplot of cytokine levels in the kidney, liver, serum and tumour (where applicable)
from the experimental groups and control. The ordination explains 67.58% of the variance in the
data. (IFN-G = IFN-y)

Factor 1 (53.85%) distinguishes between the samples and groups that had the higher cytokine
levels (positive right side) and those who had low to no cytokines detected (negative left side).
Factor 2 (13.75%) divides between anti-inflammatory (negative bottom) and pro-inflammatory
(positive top) cytokine reactions. This is also confirmed with the strong negative correlation
between IL-10 and IL-8 (vector lines 180° to each other). There is a moderate positive correlation
between pro-inflammatory IL-8 and IL-12p70 (<45° between vector lines) (Figure 2). The
remaining cytokines (IL1R3, IL-2, IL-6, IL17A, IFN-gamma, and TNF-a) have a strong positive

correlation to each other, and no correlation to either IL-8 or IL-10 (90° between vector lines).

Interleukin-2 is required to produce TNF-a and IFN-y (Capobianco, Cassiano & Anténia, 2016); it
is then expected that TNF-a and IFN-y will respond to changes in IL-2. This is confirmed in the

above results (Table 1) and supported by the PCA (Figure 2).

Dinarello and Netea (2014) stated that IL-1 and TNF-a may possibly work together; this is also
reflected in our results (Table 1 & 3). The results of IL-6 and IL-10 are supported by Yasukawa et
al. (2003), who showed the prolonged action of IL-6 had the same anti-inflammatory response
than that of IL-10. Interleukin-6 was decreased in the RX group when compared to the non-treated

control (RH) in kidney and serum samples. These results are in line with Yanagawa et al. (1995)
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and Pine et al. (2011), who found that patients diagnosed with lung cancer serum had higher

levels of IL-6 (in serum).

Levels of IL-8 in this study were in contrast to the findings of Seike et al. (2007) and Pine et al.
(2011), who reported significantly elevated IL-8 levels in tumour tissue compared to non-
cancerous tissue. In the current study, IL-8 was only increased in the liver of the xenograft control
(RX). Nanchahal, Taylor, Williams and Feldmann (2014) showed that when TNF-a is reduced,
IL-6 and IL-13 will probably also decrease. This trend was also noted in results (Table 1 & 3).

The kidney samples showed a significant decrease (p<0.05) in IFN-y in the RX compared to RH.
This cytokine can inhibit IL-8 and IL-1 (Muhl & Pfeilschifter, 2003), but this is in contrast with the
findings of this study — as the increase in IFN-y levels did not correspond with a decrease in
IL-1 and IL-8 (Table 3). These differences may be due to species-specific immunity (Bosschem
et al., 2017; Seabrook et al., 2004).

The intracellular ROS was increased in the RX group’s kidneys, liver and serum, relative to the
healthy untreated control (RH). As expected, as ROS increased, the anti-oxidant enzymes also
increased (Table 3). The increase in ROS in the cancer model supports previous studies that also
showed a higher level of ROS in the progression and development of cancerous tissue (Liou &
Storz, 2010). No statistical levels of ROS were measured in the treatment groups (RCu and RPd),
indicating that these compounds do not have an innate oxidative effect. Similarly, no statistical
changes in the antioxidant enzymes were noted, with the exception of CAT in the livers of the
xenograft control (RX) and palladium treatment group (RPd). The statistical increase (p<0.1) in
the CAT levels of the RX livers coincides with the ROS present (Table 3). The same reasoning
applies to the statistical decrease of CAT in the RPd group — and for the RCu group — i.e. low
ROS concentrations result in a low CAT activity. The lack of PC and MDA (Table 2) also shows
that the treatments had no oxidative stress effect on the animals. According to the literature
(Kaynar et al., 2005, Huang et al., 2015), oxidative stress damage has been found to be
associated with cancer. A PCA was performed to determine the variance in the data between the

oxidative stress biomarkers in all the groups (Figure 3).

The PCA graph for the effects on oxidative stress biomarkers represents 47.85% of all results.
Reactive oxygen species (ROS) have a weak negative correlation to SOD, and a positive
correlation to CAT, which may indicate that the more ROS produced, the more CAT is released
in defence to the possible oxidative stress. ROS also has a positive correlation with PC, although
weak, which indicates that the higher levels of ROS induce protein damage (Figure 3). From this,
the assumption can be made that the antioxidants have a negative correlation to oxidative stress

damage, meaning that the higher the antioxidant levels are, the less damage will occur.
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Factor 1 (25%) indicates the serum samples and SOD biomarkers on the right (positive side) and
the other tissue samples — kidneys and liver — on the left (negative side). The SOD levels in serum
samples were the highest detected SOD levels (Table 2 and Figure 3). Factor 2 (22.85%) divides
the oxidative stress damage — PC and MDA (negative bottom) and CAT (positive top). It therefore
explains that if CAT is absent, damage will occur.

The ordinations indicated a negative correlation between SOD and PC, as well as between MDA
and CAT. This is expected since with an increase in antioxidants, there will be a decrease in ROS

and similar oxidative compounds, resulting in less oxidative stress damage.
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Figure 3. PCA graph to show the effects the oxidative stress biomarkers have on each other

The comparison between the two compound groups — RPd and RCu — does not give an
indication of the effects of these compounds on the cancer, but the comparison between these
two groups gives an idea of the difference in effects on the cytokines and oxidative stress markers
(Table 3). In the kidneys of the RPd animals, there were lower levels of cytokines, and in the liver,
an increase compared to RCu. ROS, CAT and MDA levels were statistically higher (p<0.1) in the
RPd group’s kidneys compared to RCu. In the liver, ROS, SOD and MDA were elevated
compared to RCu. Serum samples showed a significant increase in only the damage biomarkers
— PC and MDA (p<0.1).
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Figure 4: Forward selected redundancy analysis (RDA) triplot of cytokines and oxidative stress
markers from the experimental groups and control. The ordination explains 14.7% of the variance
in the data. (IFN-G = IFN-y)

To determine similarities or differences between the cytokines and oxidative stress biomarker
datasets, a redundancy analysis (RDA) was done (Figure 4). Strong co-linearity of the cytokine
data meant that the forward selection option in the RDA was used. This reduces overestimation
in explained variance. Only 14.7% of the variance in data is explained by RDA. Factor 1 (X-axis)
showed 11.14% of the variance and axis 2 (Y-axis) only 2.9%.

The difference in concentrations is represented by axis 1, where serum is situated on the right
and the tissue samples, which are responsible for the responses, are on the left. Axis 2 explains
the least variance. This axis is responsible for the differentiation between the antioxidants
compared to the pro-inflammatory cytokines. The low variance explained by the RDA reveals that
there are other variables that were not measured or included in this study, which have an effect
on both the cytokines and biomarkers. However, those contributions made by variables IL-2,
IL-6, and IFN-y, were significant (p<0.05). There is a strong positive correlation between the ROS,
PC, IL-2 and TNF-a (Figure 3). A weak positive correlation is present between IFN-y and IL-6
(both are anti- and pro-inflammatory markers), but PC and ROS have a positive correlation to

each other (Figure 4); this was also found in the PCA (Figure 3).
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Overall, a higher concentration of cytokines was seen in the kidneys and especially in the RCu
groups, specifically IL-113, IL-8, and IL-17A. These three cytokines were also the dominant in the
cytokine composition in the kidneys and the liver (Figure 1). The lowest concentrations of
cytokines were detected in the serum samples. Interleukin-2 and IL-10 were the lowest
concentrations overall (Table 1 and Figure 1). The palladium treatment was responsible for a
decrease in cytokines (Tablel; Table 3; Figure 2). For the oxidative stress markers, the serum
had the lowest levels, and the tumour samples the highest.

One explanation as to why the kidney samples had the highest concentrations of cytokines can
be that both the copper- and palladium-labelled compounds are metabolised by the renal system.
The increased accumulation due to excretion can lead to an increased exposure of the kidneys
to these compounds and so a greater response is elicited. Bio-distribution data should clarify the
difference found between tissue samples. It will then be possible to conclude what effect these
compounds will have on the cytokines and the oxidative stress biomarkers in the specific

metabolic system.
Conclusion

The levels of oxidative stress biomarkers and cytokine concentrations of the copper compound
treated group (RCu) were the closest to the healthy group. The palladium compound was

responsible for the biggest changes seen in the cytokines and oxidative stress biomarkers.

The measurement of cytokines is potentially a valuable preclinical drug development screening
tool. As shown in the current study, a change in the inflammatory markers of physiologically
important systems, such as renal and hepatic, is detectable after treatment with or exposure to
compounds. With the knowledge that there is a potential effect on the immune responses, the
safety of the drug under development can be further scrutinised, by combining these screening

tools with other specialised drug safety testing assays.
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CHAPTER 4: FINAL CONCLUSIONS AND RECOMMENDATIONS

Despite the fact that cancer remains a serious global health concern, few new drugs without
serious adverse events or negative effects on the immune systems are becoming available. This
motivates further preclinical investigations into the use of novel compounds for treatment or tools
for early diagnosis of cancer (Kenny & Marmion, 2019). It may also mean that the array of
preclinical studies needs to be expanded to include other markers, such as oxidative stress
biomarkers for secondary responses, or markers of the effect of the drug on the immune system

— such as cytokines (Tarrant, 2010).

As part of the development of radiolabelled compounds for either the diagnosis or treatment of
cancer, this study aimed to look deeper into an analysis of the effect of these compounds on the
immune system, as well as on the secondary responses in oxidative stress biomarkers.
Comparing these levels of markers to absolute control animals as well as xenograft control, it was
possible to evaluate these levels.

In this chapter, the findings from previous chapters are summarised and final conclusions drawn.

Recommendations will also be made for similar future studies.
4.1 Final discussion and conclusions

During this study it was pertinent to understand the effect that the xenograft had on the target
markers compared to an absolute control (no intervention), therefore a xenograft control was
included. The changes in cytokines in animals with a cancer xenograft were evident when
comparing the untreated non-xenografted group (RH) with the xenografted control (RX). In the
RX group’s kidneys, interferon-y (IFN-y), interleukin-6 (IL-6) and interleukin-8 (IL-8) were
decreased two-fold compared to RH (Figure 1a); SOD was increased six-fold when comparing
the RX animal group to the absolute control — RH. In the liver, several cytokines
(IL-6, IL-8, IL-10, IL-12p70 and IFN-y) were increased by two- to three-fold (Figure 1b). In the liver
of RX animals, reactive oxygen species (ROS) and the antioxidants — superoxide dismutase
(SOD) and catalase (CAT) — were increased two- to four-fold (Figure 1b). An increase in the
antioxidants — SOD and CAT — was seen (6- and 2-fold, respectively) in the serum of RX
compared to RH animals (Figure 1c), while a decrease in the cytokine levels was seen.
Interleukin-2, IL-6 and IL-8 were decreased by two- to three-fold, and IL-12p70 was decreased
eight-fold (Figure 1c).
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Figure 1: The comparison of cytokine levels as well as oxidative stress biomarkers (fold) between
the RX and RH animal groups in the kidneys (1a), the liver (1b) and the serum (1c)

Exposure to the two radiolabelled compounds — copper (Il) treated (RCu) and palladium (11)
treated (RPd) compared to the RX group led to differences in both the cytokine and oxidative
stress biomarker levels. In the kidneys of both RCu and RPd exposed animals, the changes were
not significant, but in the kidneys (Figure 2a), the RCu group compared to RX group showed an
average increase in the majority of levels, and the RPd compared to the RX group showed a
decrease in the majority of levels. In the liver, the opposite was observed, with a decrease in the
majority of levels after RCu exposure and an increase after RPd exposure when compared to the
control RX group (Figure 2b). These findings may be explained when biodistribution data, which
form part of a different study (Chapter 1: Study dependancy), become available. It is important to
note that even though these changes were not significant between the treatment groups
(Figure 2), that this is a meaningful result' — the fact that these responses were opposite may

indicte that there is clinical relevance, which should be further investigated.

1Scientists are moving towards dismissing the misuse of p-values as an arbitrary threshold of statistical difference. Please refer to Nature (2019)
567, 305-307; The American Statistician, (2019) 73, sup1,1—19, doi: 10.1080/00031305.2019.1583913
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In the liver of the RCu group, a two- to three-fold decrease was seen in IL-2, IL-10, IL-12p70 and
IFN-y. A similar decrease was aslo noticed in the ROS and SOD levels compared to the control
xenograft animals RX (Figure 2b). The biomarker levels of the RPd group compared to the RX
group showed a two-fold increase in IL-8, but a two-fold decrease in CAT levels.

In serum samples of the RCu group, an elevation of four-fold was seen in IL-2, and a decrease
of two-fold was seen in IL-8 and TNF-a. The antoioxidant — SOD — of the RCu exposed animals
showed a decrease of six times compared to the SOD of the RX animals (Figure 2c). A similar
decrease in SOD was seen in the RPd group compared to the RX group, with an eight-fold
decrease in addition to a two-fold decrease in CAT. The only difference in cytokine levels in the
serum samples of the RPd group in comparison to the RX group, worth mentioning, was the three-

fold increase in IL-2 (Figure 2c).

In the tumour samples of the RCu group compared to RX, a three- to four-fold increase in TNF-a
and IL-6 was seen, as well as a two-fold decrease in IL-10. The reactive oxygen species (ROS)
decreased three-fold, but the lipid damage (malondialdehyde (MDA)) increased four-fold (Figure
2d) in the RCu group. The RPd group showed a three- to five-fold increase in SOD and CAT
(antioxidants), and a two-fold decrease in protein damage (protein carbonyl (PC)) compared to
the RX group (Figure 2d). This group also showed an increase of four-fold in IL-6, but a two-fold

decrease in IL-2 and a 15-fold decrease in IL-8 (Figure 2d).
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Figure 2: Comparing the cytokine and oxidative stress biomarkers of the RCu and RPd groups,
respectively to the levels of the RX group in the kidneys (2a), liver (2b), serum (2c), and the tumour
(2d). The comparisons are expressed as enhancement in folds. Asterisk (*) indicates statistical
difference (p<0.1) to control (RX) group; hash (#) indicates statistical difference (p<0.1) between the
treatment groups

As both cytokines and oxidative stress biomarkers are influenced and of relevance in cancer, it is
necessary for a correlation to be found between these two. In Chapter 2, the relationship between
these markers was described using different diseases, but a direct or specific correlation could

not be made with cancer as yet.

After a literature search, a possible link between these cytokines and oxidative stress is nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB), which is present in the pathways
of both the markers and cascades. An analysis of NF-kB will possibly give a clearer indication of
a correlation between the secondary response (oxidative stress biomarkers) and the immune

response (cytokines).

The aim of this study was been achieved — from the results obtained from the study, it can be

concluded that the current radiolabelled compounds do not have a significant effect on either the

cytokine or oxidative stress biomarker levels of the exposed animals. However, the opposite
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4.2

changes that were seen between the treatment groups need a more in-depth investigation. This
study has shown that the use of non-traditional preclinical tests has a place in the development

of new novel compounds.
Future recommendations

There are several recommendations for using cytokines and oxidative stress biomarkers to
increase the efficiency of this study, as well as to obtain data that will be of more relevance and
more representative of the effects these compounds have on humans.

A large consideration is the manner in which the samples are collected and stored. Sufficient
procedural optimisation should be done on how sampling should take place and how different
markers will require different ways or methods of sampling, which is a major concern; reliable
analysis cannot take place if the sampling or storing of samples was done incorrectly. For
example, to determine molecular markers, snap freezing of samples with liquid nitrogen would be

advisable.

As biomarkers are time sensitive, it is important to look at other ways to evaluate these biomarkers
or cytokine levels over time. For instance, each cytokine has a different response time or half-life
time, which means that taking one sample after euthanasia is not sufficient to make scientific
conclusions. It would rather be advisable to prepare serum samples from blood withdrawn from
the animals during several different time points after exposure of the compounds, as each marker
will differ at every time point. Only then can we conclude the true effect that these compounds
have on individual cytokines or oxidative stress biomarkers. It will also then be possible to see
how each marker responds to the compound over time and to determine the effect of these

markers on each other.

For analysis of the biochemical responses, it will be advisable to investigate a broader array of
responses or markers such as the specific cytochromes involved in drug metabolism, with specific

reference to the excretion or metabolism of the drug (specific organs, specific enzymes).

As part of the above recommendation, testing of metallothionein will also contribute to a better
understanding of the body’s response to the metal compounds, as this is a marker in the body’s

reaction against metals.

More specific toxicology studies such as acetylcholinesterase inhibition, comet assay for DNA
damage, and cytochrome P450s can also be employed to see whether the bio-distribution data
and specific biomarkers can be correlated. Furthermore, analyses such as the ALT: AST ratio

may be useful as liver health markers.
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An essential recommendation for future studies will be to have bio-distribution data available when
analysing samples other than serum or plasma, to give a better understanding of the data and
levels of certain markers in specific organs, as well as to identify which organs will be the best
representatives. As the spleen plays an important role during immune responses, it will be
advisable also to investigate the levels of the biomarkers of the spleen. This will help to evaluate
whether correlations occur between specific responses in cytokine as well as oxidative stress

biomarkers in the organs of relevance, as well as the role of accumulative changes.

Even though ARRIVE guidelines should be followed in animal studies, it would be better to use a
larger number of animals (n), as variables do occur in biological samples; and, in a bigger group,
outliers will have a smaller impact on the values and give a more precise representation of the

actual effects on markers.

In preclinical studies, it is also of importance to study different gender groups in their specific
groups, since gender differences will be responsible for different levels of cytokine levels as well

as the oxidative stress biomarkers’ levels.

It is advisable that studies containing cytokine analysis should rather be conducted in mice, as
there are kits locally available for mice cytokine analysis, but not for rats at this point in time.
Technical support may be needed and local support will make the process more convenient.
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APPENDIX B: ADDITIONAL INFORMATION ON THE ANIMAL STUDY
AND GROUP ALLOCATIONS

This appendix shows and explains the study, as well as the course and planning of this study.
Animal study

The animal study consists of multiple segments. In segment 1, a baseline of the selected
inflammatory cytokines and biomarkers was established in healthy RNU nude rats, which
experienced the same stress as the xenografted rats. During segment 2, a reference range of the
inflammatory markers and biomarkers relevant to the cancer was established, when the rats were
inoculated with A549 (NSCLC) cell line, and the tumours reached a tumour volume of more than
100 mm3. During segment 3, the compounds were administered to the rats. The rats were
scanned for radiolabel distribution via microPET imaging for the major study (NWU-00251-17-
A5). In segment 4, 24 hours after the compounds were administered, the rats were euthanised
and dissected, followed by the radioactivity counting of the blood and tissue samples. Segment 5
included the analysis and determination of the effect that the administered compounds have on

the relevant inflammatory cytokines as well as on several biomarkers.

20 RNU female rats

Group A
5 RMU rats as control

Group B
15 RMNU rats

inoculated with A549

|
Group B1 r Group B3 .I
5 RNU rats : 5 RNU rats I
inoculated with A549 | inoculated with A545 |
- Baseline I - Palladium (1) I
1 chelate 1
o e T e ———————

I Group B2 I

! 5 RNU rats .
I inoculated with A549 I e —— 1
| -Copper (i) chelate y | NWU-00251:17:A5 |

Figure 1. The sample layout explaining the experimental groups of the study

78



Twenty (n = 20) four-to-six-week-old female nude RNU rats were used in this study (Figure 1).
Rats aged between four and six weeks are ideal for inoculation of cell lines, as rejection of the
xenografts is more likely in older animals (Suckow et al., 2006). Inflammatory markers differ
between genders. In order to cancel out this variance, only females were used — the larger study
NWU-00215-17-A5 used only female rats. The rats were randomly divided into four groups of five
per group (n = 5).

Control group (Group A)

Group A contains five (n = 5) female RNU rats that were not inoculated and were not treated with
the experimental compounds. This group was euthanised with isoflurane followed by decapitation
and dissection.

Xenograft groups (Group B)

Three groups of five rats each were enrolled in Group B. A total of 15 rats (5 per sub-group) were
inoculated with the human non-small-cell lung carcinoma cell line, A549. Group B1 was inoculated
with A549, but did not receive any radiolabelled compound. They served as the baseline rats for
the NSCLC (A549) inoculated rats — a cancer control. Groups B2 and B3 consisted of five rats
each that were inoculated with A549 and were treated with the experiment compounds,

respectively. Group B2 received the copper (ll) chelate, and received the palladium (ll) chelate
compound.

Euthanis=d
45  week - with an
old RMU . e e Experiments overdose of
rats at NWU Tirree b resmch i start on Group izofluranes
‘ivwarium sl Aroesh in C & O o B2 and B3 on day Z
< : — 24 hours
5 |
e |
@ Trawelling to
Necsa an
Day X
Euthanis=d
48  wesk with an
oid RN T days b sodlimatise EmErilﬂE-l'lE overdoss of
rats 3t MWL " i start on Group soflurane
hranium BZ and B3 on day Z
o 24 hours
m I !
s
2 |
O AB4D call line Travelling to
inoculated Mecsa  on
nta the rats Day X

Figure 2: Timeline for study NWU-00178-18-A5 (current study)
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Group B1 was inoculated with cell line A549. The tumours were given the appropriate time to
reach the desired tumour size, as also mentioned for the previous figure. When the desired

tumour sizes were reached, Groups A and B1 were transported to Necsa (Figure 2).

Group B1 received anaesthesia at the same time points as Group B2. Both Groups A and Bl
were euthanised at the same time points as the rats of study NWU-00251-17-A5. The animals
were euthanised by an overdose of isoflurane on the same day (day Z) as Groups B2 and B3
(Figure 2).

Animals were Euthanis=d
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Figure 3: Timeline for study NWU-00251-17-A5

Figure 3 illustrates the timeline for study NWU-00251-17-A5. RNU rats were inoculated with the
cell line — A549 — at the ages of between four and six weeks. Sufficient time passed for the
tumours to grow to the desired volume of between 100 and 150mm?. Once the tumour sizes have
been reached, the animals were transported to Necsa on day X (Figure 1 & Figure 2). On arrival
at Necsa, the rats were given seven days to acclimatise before any experiments started. Groups
B2 and B3 were administered with copper (lI) chelate compound and palladium (Il) chelate,
respectively, followed by imaging (NWU-00251-17-A5). Twenty-four hours after the administration

of the chelated compounds, the treated animals were euthanised by an overdose of isoflurane.
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being considered by this journal. The submitting author is responsible for ensuring that the article’s publication
has been approved by all the other coauthors. It is also the submitting author’s responsibility to ensure that the
article has all necessary institutional approvals. Only an acknowledgment from the editorial office officially
establishes the date of receipt. Further correspondence and proofs will be sent to the author(s) before
publication, unless otherwise indicated. It is a condition of submission that the authors permit editing of the
manuscript for readability. All inquiries concerning the publication of accepted manuscripts should be
addressed to jir@hindawi.com. All submissions are bound by the Hindawi terms of service.

Peer Review

All submitted articles are subject to assessment and peer review to ensure editorial appropriateness and
technical correctness. In order for an article to be accepted for publication, the assigned Editor will first
consider if the manuscript meets minimum editorial standards and fits within the scope of the journal. If an
article is within scope, then the Editor will ideally solicit at least two external peer reviewers (whose identities
will remain anonymous to the authors) to assess the article before confirming a decision to accept. Decisions to
reject are at the discretion of the Editor.

Our Research Integrity team will occasionally seek advice outside standard peer review, for example, on
submissions with serious ethical, security, biosecurity, or societal implications. We may consult experts and the
academic editor before deciding on appropriate actions, including but not limited to: recruiting reviewers with
specific expertise, assessment by additional editors, and declining to further consider a submission.

Concurrent Submissions

In order to ensure sufficient diversity within the authorship of the journal, authors will be limited to having
three manuscripts under review at any point in time. If an author already has three manuscripts under review
in the journal, they will need to wait until the review process of at least one of these manuscripts is complete
before submitting another manuscript for consideration. This policy does not apply to Editorials or other non-
peer reviewed manuscript types.

Article Processing Charges

‘The journal is Open Access. Article Processing Charges (APCs) allow the publisher to make articles
immediately available online to anyone to read and reuse upon publication. For more details, please visit the
Article Processing Charges information page.

Preprints

Hindawi supports the deposition of manuscripts in preprint servers, and does not consider this to compromise
the novelty of the results. Articles based on content previously made public only on a preprint server,
institutional repository, or in a thesis will be considered. The preprint should be cited.

Article Types
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‘The journal will consider the following article types:
Research Articles

Research articles should present the results of an original research study. These manuscripts should describe
how the research project was conducted and provide a thorough analysis of the results of the project. Systematic
reviews may be submitted as research articles.

Clinical Studies

A clinical study presents the methodology and results of a study that was performed within a clinical setting.
'These studies include both clinical trials and retrospective analyses of a body of existing cases. In all cases,
clinical studies should include a description of the patient group that was involved, along with a thorough
explanation of the methodology used in the study and the results that were obtained.

When publishing clinical trials, Hindawi aims to comply with the recommendations of the International
Committee of Medical Journal Editors (ICMJE) on trial registration. Therefore, authors are requested to
register the clinical trial presented in the manuscript in a public trial registry and include the trial registration
number at the end of the abstract. Trials initiated after July 1, 2005, must be registered prospectively before
patient recruitment has begun. For trials initiated before July 1, 2005, the trial must be registered before
submission.

Reviews

A review article provides an overview of the published literature in a particular subject area.

Formatting

An optional research article manuscript template can be downloaded here. We recommend that all manuscripts
include line numbers and follow the structure below:

Title and Authorship Information

'The following information should be included:
» Manuscript title
» Full author names
» Full institutional mailing addresses
» Email addresses

Affiliations. Ilindawi Limited remains neutral with regard to jurisdictional claims in institutional athliations.
Responsibility for affiliations ultimately rests with the author, although Hindawi may request changes be made
to countries listed in affiliations to ensure consistency across published output (for indexing and discovery
reasons).

Abstract

‘The manuscript should contain an abstract. ‘The abstract should be self-contained, citation-free, and should not
exceed 300 words.

Introduction
"This section should be succinct, with no subheadings.
Materials and Methods

‘The methods section should provide enough detail for others to be able to replicate the study. If you have more
than one method, use subsections with relevant headings, e.g. different models, in vitro and in vivo studies,
statistics, materials and reagents, etc.

Hindawi journals have no space restriction on methods. Detailed descriptions of the methods (including
protocols or project descriptions) and algorithms may also be uploaded as supplementary information or a
previous publication that gives more details may be cited. If the method from a previous article is used then this
article must be cited and discussed. If wording is reused from a published article then this must be noted, e.g.
This study uses the method of Smith et al. and the methods description partly reproduces their wording [1].

If a method or tool is introduced in the study, including software, questionnaires, and scales, the license this is
available under and any requirement for permission for use should be stated. If an existing method or tool is
used in the research, the authors are responsible for checking the license and obtaining any necessary
permission. If permission was required, a statement confirming permission was granted should be included in
the Materials and Methods section.

Publishing Protocols. We encourage authors describing any methodology, in particular laboratory-based
experiments in the life sciences but also computational and bioinformatics protocols, to upload details of their
methods to protocols.io. This is an Open Access website that allows researchers to record their methods in a
structured way, obtain a DOI to allow easy citation of the protocol, collaborate with selected colleagues, share
their protocol privately for journal peer review, and choose to make it publicly available. Once published, the
protocol can be updated and cited in other articles.

You can make your protocol public before publication of your article if you choose, which will not harm the
peer-review process of your article and may allow you to get comments about your methods to adapt or
improve them before you submit your article (see also the protocols.io FAQ page).

Protocols in the Clinical Sciences. We encourage authors of clinical trials and other clinical studies to upload
the detailed plan of their study that was approved by the ethics committee as supplementary materials. If there

https:/Awww.hindawi.com/journals/jir/guidelines/

83

2/5



9/17/2019

Journal of Immunology Research— An Open Access Journal
is a published version of the protocol, this should also be cited in the methods section.
Results and Discussion
"This section may be divided into subsections or may be combined.
Main Text (Review only)
"This section may be divided into subsections or may be combined.
Conclusions
'This should clearly explain the main conclusions of the article, highlighting its importance and relevance.
Data Availability (excluding Review articles)

'This statement should describe how readers can access the data supporting the conclusions of the study and
clearly outline the reasons why unavailable data cannot be released. For guidance on composing a Data
Availability statement, including template examples, please see here.

Conflicts of Interest

Authors must declare all relevant interests that could be perceived as conflicting. Authors should explain why
each interest may represent a conflict. If no conflicts exist, the authors should state this. Submitting authors are
responsible for coauthors declaring their interests.

Funding Statement

Authors must state how the research and publication of their article was funded, by naming financially
supporting body(s) (written out in full) followed by associated grant number(s) in square brackets (if
applicable), for example: “This work was supported by the Engineering and Physical Sciences Research Council
[grant numbers xxxx, yyyyl; the National Science Foundation [grant number zzzz]; and a Leverhulme Trust
Research Project Grant”.

If the research did not receive specific funding, but was performed as part of the employment of the authors,
please name this employer. If the funder was involved in the manuscript writing, editing, approval, or decision
to publish, please declare this.

Acknowledgments

All acknowledgments (if any) should be included at the very end of the manuscript before the references.
Anyone who made a contribution to the research or manuscript, but who is not a listed author, should be
acknowledged (with their permission).

References

Authors may submit their references in any style. If accepted, these will be reformatted in Chicago style by
Hindawi. Authors are responsible for ensuring that the information in each reference is complete and accurate.
All references should be numbered consecutively in the order of their first citation. Citations of references in

the text should be identified using numbers in square brackets e.g., “as discussed by Smith [9]”; “as discussed
elsewhere [9, 10]”. All references should be cited within the text and uncited references will be removed.

Dates Formatting

Hindawi recommends writing dates out fully to avoid confusion with different all-numeral date styles. For
example, 11/10/2018 could be 10 November 2018 or 11 October 2018 depending on the reader, therefore, the
date should be written out in full. For example, the date September 1, 2018 can be used rather than 01/09/2018
or 09/01/2018.

Units of Measurement

Units of measurement should be presented simply and concisely using the International System of Units (SI).

Preparation of Figures

Upon submission of an article, authors should include all figures and tables in the PDF file of the manuscript.
Figures and tables should not be submitted in separate files. If the article is accepted, authors will be asked to
provide the source files of the figures. Each figure should be supplied in a separate electronic file. All figures
should be cited in the manuscript in a consecutive order. Figures should be supplied in either vector art formats
(Ilustrator, EPS, WME, Freelland, CorelDraw, PowerPoint, Excel, etc.) or bitmap formats (Photoshop, TIFE,
GIE JPEG, etc.). Bitmap images should be of 300 dpi resolution at least unless the resolution is intentionally set
to a lower level for scientific reasons. If a bitmap image has labels, the image and labels should be embedded in
separate layers.

Maps. Hindawi Limited remains neutral with regard to jurisdictional claims in published maps. For reasons of
consistency, authors are requested to use accepted standard maps as the basis for map figure drawing, for
example using the latest standard base-map of Map Press. Responsibility for maps rests with the author and it is
their responsibility to also provide any copyright or licence information when using maps that are not owned
or created by the author (e.g. Google Maps, etc.)

Preparation of Tables
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Tables should be cited consecutively in the text. Every table must have a descriptive title and if numerical
measurements are given, the units should be included in the column heading. Vertical rules should not be used.

Supplementary Materials

Supplementary materials are the additional parts to a manuscript, such as audio files, video clips, or datasets
that might be of interest to readers. Authors can submit one file of supplementary material along with their
manuscript through the Manuscript Tracking System. If there is more than one file, they can be uploaded as a
ZIP file.

A section titled “Supplementary Material” should be included before the references list with a concise
description for each supplementary material file. Supplementary materials are not modified by our production
team. Authors are responsible for providing the final supplementary materials files that will be published along
with the article.

Proofs

Corrected proofs must be returned to the publisher within two to three days of receipt. The publisher will do
everything possible to ensure prompt publication.

Copyright and Permissions

Authors retain the copyright of their manuscripts, and all Open Access articles are distributed under the terms
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided that the original work is properly cited.

"The use of general descriptive names, trade names, trademarks, and so forth in this publication, even if not
specifically identified, does not imply that these names are not protected by the relevant laws and regulations.
"The submitting author is responsible for securing any permissions needed for the reuse of copyrighted
materials included in the manuscript.

While the advice and information in this journal are believed to be true and accurate on the date of its going to
press, neither the authors, the editors, nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the material
contained herein.

Reporting Guidelines

Authors are strongly encouraged to use appropriate reporting guidelines when preparing and submitting
manuscripts, to maximise transparency and reproducibility. Our editors and reviewers are also encouraged to
use them in the review process. Completed checklists should be provided in the supplementary files on
submission. We particularly encourage the use of:

» CONSORT for randomized controlled trials

> TREND for non-randomized trials

» PRISMA for systematic review and meta-analyses
> CARE for case reports

» STROBE for observational studies

» STREGA for genetic association studies

> SRQR for qualitative studies

» STARD for diagnostic accuracy studies

» ARRIVE for animal experiments

Conflicts of Interest

Contflicts of interest (COls, also known as ‘competing interests’) occur when issues outside research could be
reasonably perceived to affect the neutrality or objectivity of the work or its assessment. For more information,
see our publication ethics policy. Authors must declare all potential interests — whether or not they actually had
an influence — in a ‘Contflicts of Interest’ section, which should explain why the interest may be a contflict. If
there are none, the authors should state “The author(s) declare(s) that there is no conflict of interest regarding
the publication of this article.” Submitting authors are responsible for coauthors declaring their interests.
Declared conflicts of interest will be considered by the editor and reviewers and included in the published
article.

Authors must declare current or recent funding (including for Article Processing Charges) and other payments,
goods or services that might influence the work. All funding, whether a conflict or not, must be declared in the
“Funding Statement”. The involvement of anyone other than the authors who 1) has an interest in the outcome
of the work; 2) is affiliated to an organization with such an interest; or 3) was employed or paid by a funder, in
the commissioning, conception, planning, design, conduct, or analysis of the work, the preparation or editing
of the manuscript, or the decision to publish must be declared.

Ethical Guidelines
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In any studies on human or animal subjects, the following ethical guidelines must be observed. For any
experiments on humans, all work must be conducted in accordance with the Declaration of Helsinki (1964).
Manuscripts describing experimental work which carries a risk of harm to human subjects must include a
statement that the experiment was conducted with the human subjects’ understanding and consent, as well as a
statement that the responsible Ethical Committee has approved the experiments. In the case of any animal
experiments, the authors must provide a full description of any anesthetic or surgical procedure used, as well as
evidence that all possible steps were taken to avoid animal suffering at each stage of the experiment.

Appeals

Authors may appeal if they feel that the decision to reject was based on: i) a major misunderstanding over a
technical aspect of the manuscript, or ii) a failure understand the scientific advance shown by the manuscript.
Appeals requesting a second opinion without sufficient justification will not be considered. To lodge an appeal,
please contact the journal by email, quoting your manuscript number. Appeals will only be considered from the
original submitting author.
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GUIDE FOR AUTHORS

INTRODUCTION

Journal of Pharmacological and Toxicological Methods publishes articles on methods used in
pharmacology, safety pharmacology and toxicology. Journal of Pharmacological and Toxicological
Methods is the leading international journal devoted exclusively to the elaboration and validation of
experimental methods.

Please visit our Pharmacology Author Resources page for guidance on manuscript preparation.

Types of paper
The Journal of Pharmacological and Toxicological Methods publishes papers in a range of categories:

"Research paper": description and characterization of a new or modified disease model, method,
technique, apparatus or approach to analysis of data. This may include interspecies comparisons
that contrast drug actions from a model relevance perspective; "Short communication" detailing
simple modifications of an existing model, method, technique, apparatus or approach to analysis of
data; "How To" articles that provide step-by-step guidance on the execution of a specific technique;
"Appraisal of state-of-the-art" or "Historical review" of particular models, methods, techniques or
apparatus; "Methods in drug discovery" - perhaps the most important category. Here, by showing
how a method was used to select a drug that was eventually found to be clinically effective, the author
establishes validation of the method.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

e All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

» Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

¢ Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.
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If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors should complete the declaration of interest
statement using this template and upload to the submission system at the Attach/Upload Files step.
If there are no interests to declare, please choose: 'Declarations of interest: none' in the template.
This statement will be published within the article if accepted. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Each author is required to declare his or her individual contribution to the article by signing the
submission cover letter: all authors must have materially participated in the research and/or article
preparation, so roles for all authors should be described. The statement that all authors have approved
the final article should be true and included in the disclosure.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
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for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

Open access
Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse

* An open access publication fee is payable by authors or on their behalf e.g. by their research funder
or institution

Subscription

» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:
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Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3500, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Additional information

Manuscripts will be evaluated by a member of the board of editors of the Journal, and a panel of
international reviewers. An editorial decision will normally be made within 4 weeks of receipt of the
manuscript, and publication will normally take place within 3 months of final acceptance.

PREPARATION
Note that papers focused on the actions of drugs are beyond the scope of the journal.

Specific instructions for regular articles & short communications :
Introduction
This must outline the reason for the study and justify the approach taken.

Methods
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This section should be sufficiently detailed to permit the reader to replicate the study. It should be a
full recipe, with step by step instructions. We prefer the bulk of the descriptions in prose, but tables
summarising sequences of procedures are a good accompaniment to the text. Subcomponents of the
method that have been described in detail in the literature should be described in full, but appropriate
citation of the original source method is mandatory.

Results

This section should be concise and must not contain repetition of the methods. Data in the text must
not replicate data in tables or figures. SI units must be used.

Discussion

The potential value of the data to pharmacological or toxicological or safety pharmacology research
methods must be clearly explained, with appropriate reference to existing methods and their
limitations. This section must not contain paragraphs dealing with topics that are beyond the scope
of the study. Use subheadings for clarity.

Specific instructions for "How To" articles:
" How To" articles provide step-by-step guidance on the execution of specific techniques.
Introduction

For "How To" articles, this section will be very brief, and will simply identify the therapeutic area, the
goal of the method, and give mention to published alternatives descriptions if available. It is unlikely
that many papers will be cited in this section.

Methods

This section should be sufficiently detailed to permit the reader to replicate the study. It should be a
full recipe, with step by step instructions. We prefer the bulk of the descriptions in prose, but tables
summarising sequences of procedures are a good accompaniment to the text. Subcomponents of the
method that have been described in detail in the literature should be described in full, but appropriate
citation of the original source method is mandatory.

Methods

This section should be sufficiently detailed to permit the reader to replicate the study. It should be a
full recipe, with step by step instructions. We prefer the bulk of the descriptions in prose, but tables
summarising sequences of procedures are a good accompaniment to the text. Subcomponents of the
method that have been described in detail in the literature should be described in full, but appropriate
citation of the original source method is mandatory.

Results

This section should be concise and must not contain repetition of the methods. Data in the text must
not replicate data in tables or figures. SI units must be used.

Discussion
The potential value of the data to pharmacological or toxicological research methods must be clearly

explained, with appropriate reference to existing methods and their limitations. This section must not
contain paragraphs dealing with topics that are beyond the scope of the study.

Specific instructions for "Appraisal of State of the Art"-articles:

Appraisal articles are reviews about the current best models. The article should identify and describe
the current best model, and discuss the evidence (or lack of) to support this. A good model should
demonstrably detect drugs that work (or cause adverse effects) in humans, and demonstrably have
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few false positives or negatives. This evidence should be presented. The review should contrast the
current best model with other available but inferior models, thereby illustrating why one is the state-
of-the-art model.

Text to be divided into sections according to author choice.
Specific instructions for "Historical review" articles:

Historical reviews can be more personal and less formal. Senior figures in a field may have decades
of experience with models, methods, techniques of apparatus. It is of immense value and interest
to the research community to learn the history of the development of a model, understand why one
model was abandoned and another developed, and get insight into the thinking behind a model, and
the impact of good and bad models in drug development in a particular field. In addition, in many
fields many models are still used that are transparently inadequate - it would be of great value to
obtain a candid expose from an experienced practitioner as to why this might be, including insight
into personal perspective as it changed over the years.

Text to be divided into sections according to author choice
Specific instructions for "Methods in drug discovery" articles:

These articles are specifically intended to showcase, for the wider audience, exactly how methods
were applied by a pharmaceutical company in the preclinical development of one of their own drugs.
While it is appreciated that companies may wish to keep certain information confidential, it would be
of great interest to the reader to be able to understand the logic (or lack of) behind the choice of
each preclinical test used in the drug's development. Demonstration that use of a series of models,
methods, techniques and apparatus gave rise to a drug that works in man is the closest we can get
to a methods validation - a much neglected area. The reader would also benefit by having revealed
the logic behind the decision-making that allowed the successful drug to proceed in development,
while analogues and other compounds were dropped. Consideration of whether this decision was
making based on proof, or on the exercise of judgment, or a mixture of both will be of value to the
author as well as the reader as it will identify weak areas in the process for future improvements in
pharmacological and toxicological methods.

Text to be divided into the following sections

Brief overview of evidence that drug X is now established as being clinically effective Original
hypothesis that triggered the search for a drug if type X Preclinical models used in defining drug X's
properties (subsections in sequence, explaining logic behind choice) Outcome of tests (subsections
in sequence, explaining logic behind successive decision making) Conclusions

Specific instructions for all articles:
Essential title page information for all articles

Title. Please be concise and informative. Titles are used in information-retrieval systems so avoid
abbreviations. Author names and affiliations. Please type the family name last (e.g., Michael ]
Curtis) . Type the authors' affiliation addresses below the names. Use letters in lower-case superscript
immediately after the author's name and in front of the appropriate address if there are multiple
addresses. Provide the full postal address of each affiliation, including the country name, and , the
e-mail address of each author. Corresponding author. Clearly indicate the corresponding author
and ensure their telephone and fax numbers (with country and area code) are provided. Present/
permanent address. If an author has moved since the work described in the article was done, or
was visiting at the time, a " Present address" (or " Permanent address" ) may be indicated as a
footnote to that author's name. Superscript Arabic numerals are used for such footnotes.

Abstract
This must not exceed 250 words and should be subdivided into four subsections headed: Introduction,
Methods, Results, Discussion.

Keywords
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Immediately after the abstract, provide a maximum of 10 keywords (one of which should be
"methods") in alphabetical order, using British spelling and avoiding general and plural terms and
multiple concepts (avoid, for example, " and" , " of" ). These keywords will be used for indexing
purposes.

Abbreviations
Be sparing with abbreviations: only abbreviations firmly established in the field may be eligible.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork
General points
¢ Use uniform lettering and sizing of your original artwork, and select a font as large as possible
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¢ Use a ‘sans serif’ fonts in your illustrations such as: Arial, Helvetica, Tahoma or Calibri and use only
one font throughout the figures

e Number the illustrations according to their sequence in the text

¢ Use a logical naming convention for your artwork files

* Do not put legends in the figures

» Size the illustrations close to the desired dimensions of the published version

e Submit each illustration as a separate file

A detailed guide on electronic artwork is available on our website:
https://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black and white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/journal-of-pharmacological-and-toxicological-methods
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered online or APA Order Dept.,
P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter
4).

Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.

Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK. (2003). http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ Accessed 13 March 2003.

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xxwj98nb39r.1.
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Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., & Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).
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Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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APPENDIX E: CONFERENCE ATTENDANCE

Drug Safety Conference — November 2018, Potchefstroom, South Africa
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Drug Safety Africa Meeting Abstracts

Adiilrads 5
(L1 (L]
Meeting abstracts Meeting abstracts

The wse of cytokines as indicators for drug safety

Helfne Criessel®, Wihkan Pheffer’, Jesslee du Plessis, Jan-Rin
Zewvart*, Anne Fredrica Crobler

“DETWWU Predlimioal Drug Development Platform, South Africo
Eedicime Usage of South Affic, South Africa

“The South Africon Nuclear Energy Corporation, South Africe

In developing mew compounds, questions about safety amnd
efficacy are raised Comventional preclimical studies of new oom-
pounds focus on bio-distribubion, tocicology, safety pharmacology,
pharmacokinetics, efficacy eir., bat littke information reganding the
effect of these compounss on inflammatory cytokines are available.
Cytakines can be used as markers to identify dnag safety, focusing on
cardiovascular, neurclogic, and respiratory functions. Cytokines are
produced by different cell groups, mainly by maoophages and
helper T cells”. Cytokines can be divided into baa main groups: anti-
imflammatory cyinkines and pro-inflammatory cytokines. Cytokines
fumction as a complex network to conbrol each other's responses and
production®. According to literature, a dysregulation of inflammatory
markers ar biomarkers can be indicative of chronic inflammation ',
There i= no data available on the inflammatory cytokine values in
healthy people and there is no formal reference of normal ranges of
imflammatory markers. By establishing a baseline, it can be used in
preclmnical stadies to determine the effects of new compounds on
cytokines. The aim of this study is to determine baseline inflamma-
tory cytokines concentration in am established im vivo model b0
eventually determine the effects of new radiolabeled compounds on
the cytokines. Using an established xenograft model, a control
baseline, a dis=ase controll [cancer ), and drug treatment {radiophar-
maceutical) cytokine levels will be determined by coyiokine
analyses of collected blood serum and tssues Antigemix AmeTica
Inc's SUPER =X PLEX™ Flow Cytometry cybokine assays will be
wsed on the BD Accun® (6 Flow Cytometer. This mulbiplex assay
has multiple bead populations, which are differentiated by the
levels of flunrescence intensity and size. This allows for a disting
bead populations on the flow oytometer data outpat. It also makes
it passible to measare multiple analytes with a single reaction. The
following results are anticipated: Determining the  individual
baseline conmcentrations of the inflammatory cytokines. To ohsere
a clear chamge in cytokine profiles between the baseline, disease
controd and drug treatment.

1. Zhang, ML & An, | (3007 International Anestivesiology Clinics,
45, 27-37.

2. Yoshimoto, T. & Yoshimoto, T. eds. (2013). Cytokine Frontiers:
Regulation of Immune Responses in Health and Disease Springer
Science b Business Media.

3. Keeley, BR. et al. {2004). Corcer Science, 105, 1005-1211.

4. Trowa, M. et al. (2006). (linical ord Tromslations Oecology, 18,
1003~ 1010,

doiz 101006 . vason 201907008

Development of a batch process to produce ethylated fatty acid
EHlETS

P]. Lowrwr?, B Buitendag®, W Pheiffer %, L VerboeP, AF. Grobler
AOSTNWLU Pre-Clinical Dreeg Developrent Matform, South Africe
*Hicffer {Pry) L, Bloemfontein, South Africe

Pharmaceutical excpients acoount for the magority of the volume
of administered drags [1]. The problem with the manufacture of
pharmaceutical excipients is that they were considered to be mert
suppart material with no real contnbution o the efficacy of drags.
Conversely, excipient formulation has proved to be a stience on its
man as it can significantly infleence drug delivery in terms of
stability, hinavailability and transfer of critical impurities and may
even lead to adverse effects [1]. All manufactarers of pharmaceutical
and complementary products have to be compliamt with an
extensive list of Good Manufacturing Practice [GMP) guidelines in
order o be certified. However, the guidelines are only specified for
the manufacturing process and not for each individual excipient |Z].
Proper quality comtrol has to be performed not only on ithe fGnished
product, but on the raw material procurement process as well A
defined mixture of ethylated farty acid esters wsed a5 a key
romponent in the mamufacture of the Fheroid® drog defivery
system, is only available in South Africa on import. This project
therefore aims to develop a sustainable batch process to produce the
mixture af fatty acid ethyl esters locally, with the benefit of
improving the economic feasibility of the drug delivery system. The
product will be of pharmaceutical grade and the mamufacturing
facility will be CMP compliant. Transesterification reactions with
pure ethanol and anhydrous sodium hydroxide are conducted i an
abtempt to optimize conversion of irighyendes to ethyl esters.
Dewterated chloroform is used a5 sohvent in NMR spectroscopy to
determine the reaction comversion. The parameters to be optimized
inclade reaction time, catalyst, concentration, reaction temperature,
and malar ratio of akohol to ol With the optimized conditions,
methods for effective separation of the product and by-products will
be tested. This includes a dry method using a magnesium silicate to
remove impurities and a water washing method followed by drying
with anhydrows calcium chlaride. In both cases, excess aleohal will
be removed by distillation. The established method will be applied to
larger batches in a stirred tank which will be designed as part of the
stucly. The feedstock was characterized in terms of water and free
fatty acid comtents as these two parameters necessitabes pre-
treatment of the feedstock f @t is higher than 1% and 05T,
respectively. The water content was found to be 003X and the free
fatty acid content 1.30% This indicates that pre-treatment of the
feedstock will be necessary.

1. Pifferia, C. B Restani, P. (2003). I Formaco, 58, 541.

2 The Intermational Pharmacewtical Excipients Council & The
Pharmaceutical Quality Croup. [(2006). The joint IPEC - PQC Cood
Manufactaring Practices Guide for Pharmaceutical Excipients.
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In developing new compounds, both safety and efficacy are critical.
Conventional preclinical studies of new compounds focus on biodistribution,
toxicology, safety pharmacclogy, pharmacokinetics, efficacy etc., with little
attention paid to the effect of these compounds on cytokines. We propose
that cytokines be used as markers to assess drug safety, focusing on
cardiovascular, neurologic, and respiratory functions,

Cytokines are produced by different cell groups, mainly by macrophages and
helper T-cells,! Two main groups of cytokines are found in the body: anti-
inflammatory and pro-inflammatery cytokines function as a complex network
to control each ather’s responses and production.? A dysregulation of
inflammatory markers or biomarkers can be indicative of chronic
inflammation in organs.>*

Aims of the study: (i) to determine baseline inflammatory cytckines’ values in
an established in vivo model, and (ii) to determine the effects of new
radiolabeled compounds on cytckines.

Cytokines
Eosinophils
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Figure 1: Expression of cytokines by various celf types.®

Materials and Methods

The cytokines present will be determined in blood serum and tissues of the
following three groups of nude rats, using an established xenograft model:
Group 1: diseased but untreated

Group 2: diseased and treated with radiopharmaceutical and

Group 3: a healthy group of nude rats.

Step 1 Step 2 Step 3

Establish a baseline for
RNU rats’ cytoking levels
wilh no stressors

Establish a baseline for
RNU rats' cytokine levels
who undergo the same
stress as the xenografted
rats

[——

Establish a reference

cytokine level for RMU rats,

inoculated individually with

AS49 or TK10 tumour cells.

Step 4
Administer compounds to

scan them using PET
imaging

the tumour bearing rats and

Step 5
The RNU rats will be
euthanized. followed by
dissection and
quantification of the
radioactivity in the organs
and biood

Phase &
Analysis of the effect the
COMpOLNGS have an the

relevant inflammatory

NWU"

PCDDP

DST/NWU Preclinical Drug
Development Platform

Materials & methods (continue

Antigenix America Inc.'s SUPER —X PLEX™ Flow Cytometry cytokine assays will
be used on the BD Accuri® C6 Flow Cytometer. This multiplex assay has
multiple bead populations, which are differentiated by the levels of
fluorescence intensity and size. These characteristics enables partitioning of
distinct bead populations, making it possible to measure multiple analytes
with a single reaction.
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Figure 2: Process of flow cytometry analysis of cytokines®

The following results are anticipated:
Individual baseline concentrations for the inflammatory cytokines
Clear and change in cytokine profiles after treatment

Conclusions

The development of new diagnostic and therapeutic compounds for the
treatment of cancer requires an investigation of the safety and efficacy of
compounds, which may also be reflected by the cytokine profile or status of
an individual. The effect of new compounds on the inflammatory markers in
existing animal xenograft models is being studied. An immune approach to
efficacy in the treatment of cancer is especially important in immunotherapy.
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Introduction

The annual increase in cancer cases underlies the urgency of developing improved drugs and devices for the treatment and diagnosis of cancer®?. Safety and efficacy are
priorities when developing new drugs. Cytokines are potential markers of drug safety in physiological important systems3. In addition, oxidative stress markers may indicate
the impact of drugs on physiological processes’. Cytokines or oxidative stress biomarkers can be indicative of chronic inflammation, cancer and other diseases®® . A change
in these markers, due to exposure to new compounds, may negatively affect the immune responses/modulation in physiological process. There is a paucity on the behaviour
of inflammatory cytokines in combination with oxidative stress conditions after exposure to new cancer medication®!3, By establishing a baseline for preclinical safety
studies in vivo, the effects of new compounds on oxidative stress markers and cytokines can be quantified.

The aim of this study was to determine possible changes in the cytokines and oxidative stress biomarkers in the renal and hepatic systems in vivo, using a xenograft rat
model after treatment with novel radiolabelled compounds (confidential and under development, referred to as Cu-compound and Pd-compound).

Materials and Methods

Xenografted (A549) Rowett’s nude rats were used as model. Tissue samples were collected from a control group and two radiolabelled compound treated groups of rats.
Selected cytokines were analysed using a cytometric bead array (CBA) assay and flow cytometry. Fluorospectrophotometry was used to quantify the following oxidative
stress biomarkers: intracellular reactive oxygen species (ROS)!, superoxide dismutase (SOD)', catalase (CAT)®17, protein carbonyls (PC)!%, and lipid peroxidation
(malondialdehyde, (MDA))*. Redundancy analysis (RDA) was performed, using Canoco version 5.

Results and Discussion

There were no significant changes in the intracellular ROS, MDA, or PC (p<0.1) in any of the samples (Fig 1A-C). In the
kidney samples, the Cu-treated group had a significant increase (p<0.1) in IL-8 and TNF-a, and in the liver the Cu-treated < : :: :;:"ey
had a significant decrease (p<0.1) in IFN-gamma (IFN-y). In the Pd-treated group, there were no cytokines that differed i B Reu Kidnyey
significantly from the xenografted control group of rats (Fig 1A-C). However, there were significant decreases (p<0.1) in RPd Kidney
the oxidative stress biomarkers SOD and CAT (Fig 1B,C).
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Figure 1: Fold changes in the cytokis and oxi biomarkers of the Ci d (RCu) and Pd: d (RPd) in terms I, in the kidney (A), liver (B), Figure levels and it i
and serum (€} In the samples from RNU xenograft rats of a control and treated groups; Cu-

«compound (RCu) and Pd-compound (RPd)
An RDA was performed to investigate the variance in the data based on the relationships between the cytokines and oxidative stress biomarkers (Fig 2). The explanatory
variables account for 14% of the variation in the data. Factor 1 (11%) distinguishes between the pro-inflammatory (left ordination) and anti-inflammatory markers (right
ordination). The variation in data is statistically (p<0.05) explained by the markers represented in the graph. A positive correlation was found between TNF-a, IFN-y, IL-2 and
ROS. The RDA reveals that the highest response to drug exposure were in the kidneys, whereas the least response was in the serum. The ordination of SOD correlates with
the statistical changes seen in the serum (Fig 1C).

These results show that exposure to or treated with a specific radiolabelled compound did not induce oxidative stress. However, between the exposure groups, there was
an opposite reaction in the kidneys’ cytokine responses — an increase for Cu and decrease for Pd — of which IL-8, IL-10 and IL12p70 were significantly different (p<0.1).
This indicates an overall pro-inflammatory response in the kidneys exposed to the Cu-compound. The phenomenon may be due to the biotransformation of the compound
in view of the fact that the kidney is the main route of excretion. Future biodistrubution data will enable us to confirm this.

Conclusions

The use of cytokines is potentially a valuable preclinical drug development screening tool. As shown in the above study, a change in the inflammatory markers of
physiologically important systems, such as the kidneys, is detectable after treatment with or exposure to compounds. The knowledge that there is a potential effect on the
immune responses, the safety of the drug can be further scrutinised, by combining these screening tools with other specialised drug safety testing assays.
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